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UNIDENTIFIED GROWTH FACTORS IN BREWER’S YEAST 
II. SOME CHEMICAL AND PHYSICAL PROPERTIES OF THESE FACTORS! 


RENE CHARBONNEAU? AND ANDRE LEMONDE?® 


Abstract 


Brewer’s yeast contains some unknown growth factors necessary for the 
normal development of Tribolium confusum. These factors, destroyed by ashing, 
are organic substances insoluble in ethanol, ether, and benzene. Temperatures 
as high as 125° C do not affect their activity. At 150° C, the growth-promoting 
effect is decreased. These factors are destroyed by strong acids and slightly 
affected by strong alkalis. Maximum growth stimulation is obtained between 
pH 6.0 and 8.8. The presence in water-soluble yeast fraction of a growth-pro- 
moting factor is confirmed. The water-insoluble part contains one or many 
unidentified growth factors, 


Introduction 


It has been already demonstrated (2, 7, 16) that brewer’s yeast contains 
some unknown factors necessary for the normal development of Tribolium 
confusum Duval. In a former publication (2), we have presented a synthetic 
diet suitable for the study of these factors. 

To continue this work, a new series of experiments was initiated with a 
view to obtaining some data on chemical and physical properties of these 
factors. At first, the organic or inorganic nature of these factors was deter- 
mined by incinerating complete yeast. Then, their solubility in organic 
solvents and in water was tested. A study was made of the effect of heat on 
the nutritive value of these substances. Finally, yeast was extracted at 
different pH in order to evaluate the stability of these unknown factors to 
acids and alkalis. 

French (7) has already used many of these tests in different experimental 
conditions. In general this author has used a “protein basic diet’? composed 
of 98 parts of casein, 1 part cholesterol, 2 parts salt, and 10 parts liquid 
(including vitamins). Our synthetic diet is different, principally in containing 
sugar. Moreover, our strain of Tribolium confusum is not the same. Fraenkel 
and Leclercq (6) have shown that different strains of a given insect species 
can react differently to the same diet. 

1Manuscript received January 6, 1960. 

Contribution from the Department of Biochemistry, School of Medicine, Laval University, 
Quebec. This work was supported by a grant from the ‘Conseil des Recherches Agricoles, 
Ministére de |’Agriculture, Québec’. 

2Graduate student, holder of a fellowship from the ‘‘Conseil des Recherches Agricoles”’. 

3Holder of a Medical Research Associateship, National Research Council, Ottawa, Canada. 
Can. J. Zool.Vol. 38 (1960) 

[The previous number of Can. J. Zoology (38, 231-441) was issued April 14, 1960.] 
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Experimental Methods 


Details of the technique for using 7ribolium confusum in nutritional experi- 
ments have already been published (2, 13, 15). The composition of the basic 
diet and vitamin mixture is described in Table I. In some diets, alphacel 
(nonnutritive bulk) was added to improve the physical texture of these diets. 

Ashes of yeast.—The ashes of yeast are obtained by two successive inciner- 
ation periods of 7 hours each, in a furnace maintained at 500° C. The porcelain 
crucibles used are previously washed with 20% nitric acid and ignited to con- 
stant weight. At the end of the incineration, the crucibles are cooled in a 
desiccator and weighed after room temperature is attained. 

Organic solvents—A known quantity of brewer’s yeast is introduced in a 
Soxhlet and extracted during 24 hours with one of the following solvents: 
redistilled absolute ethanol, anhydrous ether, or benzene. The residues 
obtained are placed in a desiccator and dried in vacuo. Samples of yeast were 
completely exhausted by extracting them successively with the three organic 
solvents. Each extraction was of 24 hours’ duration. The residue, after 
evaporation, was named delipidated yeast. 

TABLE I 


Composition of the basic diet 








Main ingredients % Vitamins bg per g of diet 
Casein* 20 Thiamin HCl 1 
Cholesterol 1 Riboflavin 2 
Salt mixture No. 2 U.S.P. XIII + Pyridoxine HCl 1 
Glucose 5 Nicotinic acid 8 

Calcium pantothenate 4 
Choline chloride 1500 
Biotin 0.05 
Folic acid 0.2 





*Vitamin-free casein: Nutritional Biochemicals Corporation, Cleveland, Ohio. 


Heat treatment.—To find the effects of heat on the factors studied, samples 
of delipidated yeast, weighing 15 g, were heated during 24 hours at different 
temperatures. The heating was always done in an ordinary oven, under 
atmospheric pressure. 

Acids and alkalis.—Twenty grams of delipidated yeast are mixed with 200 
ml of a hydrochloric acid or sodium hydroxide solution of known pH. The 
mixture is agitated for 10 minutes in a Fisher—Kendall mixer. Then the pH 
is readjusted, if necessary, and the agitation is continued for 24 hours. The 
residues are filtered; washed in distilled water, ethanol, and ether; and finally 
placed in a desiccator and dried in vacuo. The same operations were used for 
all the pH’s tested. 

Distilled water —One hundred grams of delipidated yeast are mixed with 1 
liter of distilled water. This suspension is continuously agitated and heated 
at 97° C for 10 to 20 minutes. The residue is filtered and placed again in dis- 
tilled water. This operation has to be repeated 6 to 8 times to obtain a clear 
supernatant extract. The water-insoluble fraction is washed with ethanol 
and ether, placed in a desiccator, and dried in vacuo. 
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Results and Discussion 

The Ashes 

The inorganic matter we have measured in brewer’s yeast represents 7.8% 
of the total dried yeast. This figure is identical with the data found in the 
literature (12, 18, 21). According to Tauber (21), these ashes contained 
principally phosphorus (52%), potassium (35%), and magnesium (5%), 
which are three very important minerals for the larval growth of 7. confusum 
(14, 17). Other minerals are also present, but in much smaller amounts. 

The results given in Table II show the nonnutritive value of the yeast’s 
inorganic fraction. Indeed the larval growth is never stimulated even when 
large quantities of this fraction are added to the basic diet. We think it is 
important here to emphasize the fact that we have incinerated yeast at 500° C. 
It is quite possible that some inorganic substances might be volatile at so high 
temperatures. However, if we disregard this possibility, it appears that these 
unidentified factors in brewer’s yeast are not inorganic. This is in complete 
agreement with French (7), who has already obtained similar results with 
another strain of 7. confusum. 


TABLE II 


Influence of the yeast’s ashes on the larval growth of T. confusum 








Number of Larval period in days 
pupae out of ———————— 

Supplement to basic diet 50 larvae Mean + om Spread 
Nil 39 34.4+0.14 29-42 
5% yeast 45 20.8+0.10 18-25 
Ashes corresponding to 1% yeast 45 33.8+0.16 31-38 
Ashes corresponding to 5% yeast 37 33.9+0.23 28-39 
2% ashes 39 34.1+0.55 29-42 





Solubility in Organic Solvents 

The values given in the literature for the total lipid content of yeast vary 
from 1.6% to 2% (21). These figures have been obtained by extracting washed 
brewer’s yeast with alcohol and purifying the product by ether extraction. 
The yeast fat is principally composed of oleic acid (47.6%), palmitic acid 
(9.5%), stearic acid (5.9%), unsaponifiable substances (16.6%) (of which 3.3% 
are sterols), and other substances in much less quantity (21). The fraction 
that we call ‘‘delipidated yeast’’ has been obtained after three successive 
extractions with alcohol, ether, and benzene. The total extract so obtained 
represents 5.3% of the complete yeast. 

The results given in Table II] prove that the unknown factors in brewer’s 
yeast are not lipidic. The addition of any one of the residues recovered after 
extraction with organic solvents does not affect at all the larval growth of 
T. confusum. French (7) has obtained similar data in utilizing defatted wheat 
germ and defatted pork liver. 

Generally, the yeast’s lipidic extracts have no nutritive value for the larvae. 
We know that the fat requirements of 7. confusum are completely satisfied 
with the addition of a sterol in the diet (16). The little growth stimulation 
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TABLE III 


Influence of yeast treated with organic solvent on the larval growth of T. confusum 














Number of Larval period in days 
pupae out of 
Supplement to basic diet 50 larvae Mean + om Spread 
Nil 39 34.4+0.14 29-42 
5% complete yeast 45 20.8+0.10 18-22 
Yeast extracted with ethanol 
5% of the residue 47 20.6+0.15 17-23 
5 ml of the extract 41 30.6+0.42 27-36 
10 ml of the extract 41 28.9+0.25 26-33 
Yeast extracted with ether 
5% of the residue 47 19.8+0.14 17-23 
5 ml of the extract 44 33.1+0.37 30-39 
Yeast extracted with benzene 
5% of the residue 47 20.0+0.14 17-24 
5 ml of the extract 42 38.1+0.38 32-43 
10 ml of the extract 27 35.2+0.65 30-42 
5% of delipidated yeast* 42 21.2+0.14 18-25 





*Extracted successively with the three organic solvents. 


obtained with the alcohol extract is difficult to interpret. Perhaps the growth- 
promoting factor identified by French (7) in the water-soluble fraction of 
yeast has been partially or totally lost during the alcohol extraction. 


Heat Stability 

The results assembled in Table IV indicate the heat effect on the nutritive 
value of delipidated yeast. As it can be seen, the factors studied are very 
resistant to heat. We must attain 150° C to observe an important decreasing 
effect on larval growth of 7. confusum. At 125° C, the growth is practically 
not affected. A slight difference of only 1.7 days is noted at this temperature. 
This heat stability is a very important property. It will allow us to perform 
chemical tests where heat is necessary. 

French (7) has also studied the effect of heat on water-soluble and insoluble 
fractions of yeast. This author has boiled aqueous solution or suspension of 
these fractions for 10, 30, 60, and 120 minutes. His data also proved the heat 
stability of the yeast’s unidentified factors at the water boiling point. 

TABLE IV 


Larval growth of T. confusum receiving a basic diet supplemented with 5% of delipidated 
yeast heated at different temperatures* 

















Number of Larval period in days 
Temperatures pupae out of 

(<5) 50 larvae Mean + om Spread 
Unheated 46 20.8+0.24 18-23 
50 48 20.4+0.24 18-23 
75 47 21.2+0.24 19-24 
100 47 21.4:+0-:22 19-24 
125 47 22.5+0.24 20-25 
150 41 27.3+0.24 24-31 





*Heating period: 24 hours. 
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TABLE V 


Larval growth of 7. confusum receiving a basic diet supplemented with 5% of delipidated 
yeast treated at different pH 











Number of Larval period in days 
Supplement to pupae out of 
pH basic diet 50 larvae Mean + oy Spread 
1 — 19 40.9+0.87 33-47 
1 5% alphacel 29 37.9+0.79 34-46 
an — 38 27.1+0.41 22-29 
3.4 — 43 26.2+0.28 22-29 
3.4 5% alphacel 47 24.4+0.29 22-28 
6.0 — 45 20.5+0.24 17-24 
8.8 — 41 20.7+0.19 18-23 
9.5 5% alphacel 46 23.4+0.16 21-26 
41.5 5% alphacel 46 23.7+0.30 21-27 








pH Stability 

The data given in Table V show the action of alkalis and acids on delipidated 
yeast. With these partial hydrolyses, it has been possible to establish the pH 
stability of these factors between 6 and 8.8. French (7), working with his 
‘protein basic diet”’ (a diet without sugar), has indicated that optimal growth 
with the water-soluble fraction of yeast was obtained at or near neutral pH. 
In the water-insoluble fraction, optimal growth was obtained at pH 10. 

Our own results demonstrate that the factors present in delipidated yeast 
are slightly affected by alkaline hydrolysis. At pH 11.5, the larvae only take 
3 more days to reach the pupal stage. On the other hand, the acid hydrolysis 
is nocuous to the nutritive value of the factors and consequently it increases 
the larval life. The factors are completely inactivated at pH 1. 

The larval growth is slightly promoted by the presence of alphacel in the 
diet. However, it is noteworthy that alphacel does not change the spread of 
larval life. Probably due to a better physical texture of the diet, the pupal 
metamorphosis is more rapid for a great number of larvae. 


Water Solubility 

After repeated washings of delipidated yeast, we obtain two fractions. 
The soluble one contains, after French (7), a growth-promoting factor which 
is adsorbed on charcoal at an acid pH, is dialyzable, and not precipitated by 
2% trichloroacetic acid. The water-insoluble fraction should include one or 
many unidentified factors (3, 5, 7, 10, 11, 20). The results exposed in Table VI 
confirm completely the data already obtained. Yeast loses a little of its growth- 
stimulating effect after the water treatment. In fact, with the addition of 5% 
water-insoluble yeast fraction instead of complete or delipidated yeast in the 
synthetic diet, the larval life is 2 to 3 days longer. This effect is attributed 
to the absence of the growth-promoting factor present in the water-soluble 
part of the yeast. 

This yeast-soluble fraction contains also carnitine (1, 4, 5, 8, 9, 19), a vitamin 
needed by 7. confusum to complete its imaginal metamorphosis. The adult 
emergence has been checked many times. On 294 pupae examined, 291 have 
emerged to perfect adults. Thus, the casein utilized in our synthetic diet 
includes enough carnitine to assure a normal transformation of pupae to adults. 
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TABLE VI 


Larval growth of 7. confusum receiving a basic diet supplemented with 5% of the water- 


insoluble yeast fraction 

















Number of Larval period in days 
Supplement to pupae out of 
basic diet 50 larvae Mean + om Spread 

5% complete yeast 45 20.8+0.10 18-22 

5% delipidated yeast 46 20.8+0.24 18-23 

5% water-insoluble yeast fraction 44 23.2+0.23 20-29 

% water-insoluble yeast fraction 45 23.2+0.20 20-27 
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A HISTOCHEMICAL STUDY OF THE SECRETIONS IN THE 
PRINCIPAL SALIVARY GLANDS OF THE LARGE MILKWEED BUG, 
ONCOPELTUS FASCIATUS (DALLAS)! 


E. H. SALKELD 


Abstract 


Each lobe of the trilobed principal salivary gland of the adult large milkweed 
bug, Oncopeltus fasciatus (Dallas), contains a chemically different secreted pro- 
duct. Histochemical tests suggest that the secretion of the anterior lobe is 
composed of muco- or glyco-protein and neutral mucopolysaccharide. The 
secretion of the lateral lobe is mainly lipoproteinaceous, while that of the pos- 
terior lobe appears to be a mucoprotein. It is suggested that the secretion of the 
anterior lobe may form the stylet sheath; the secretions of the posterior and 
lateral lobes are more likely to have a digestive function. 


Introduction 


The labial glands in the Hemiptera vary widely in form and structure 
but usually consist of a pair of principal and accessory glands. The principal 
salivary gland of Oncopeltus fasciatus (Dallas) is trilobed, comprising anterior, 
lateral, and posterior lobes. Bronskill et al. (4) have described the anatomy 
and histology of the gland in this insect. 

The functions of the various lobes and the nature of their secretion are 
little known. It has generally been assumed that the different lobes in hemip- 
teran salivary glands do not produce different chemical substances (3, 7) 
even though differences in the appearance and staining properties of the 
secretions in the lobes have been noted (3, 14). However, Bronskill et al. (4) 
have recently demonstrated that the complement of digestive enzymes differs 
from lobe to lobe in the trilobed principal salivary gland of O. fasciatus, and 
Salkeld (22) has shown that a nonspecific esterase is present only in the post- 
erior lobe. In addition, Miles (19, 20) found that O. fasciatus produces two kinds 
of salivary secretion, one a viscous liquid which forms the stylet sheath, the 
other a watery liquid which is injected into the food and subsequently sucked 
back into the gut. 

This is a report of a histochemical study on the various lobes of the princi- 
pal salivary glands of O. fasciatus to determine the chemical nature of the 


secretion in each lobe. 
Material and Methods 


Salivary glands were obtained from newly molited, feeding adults reared in 
the laboratory on milkweed seed and water. In some cases, the three lobes 
were separated during fixation for more certain identification in the sub- 


1Manuscript received February 17, 1960. 
Contribution from the Entomology Research Institute, Research Branch, Canada Depart- 


ment of Agriculture, Ottawa, Ontario. 


Can. J. Zool. Vol. 38 (1960) 
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sequent study. The fixatives varied with the staining method. All material 
was either embedded in paraffin (m.p. 54-56° C) under vacuum and sectioned 
at 7 uw, or embedded in gelatin, frozen, and cut at 15. The results presented 
here represent studies on at least 10 pairs of salivary glands for each procedure. 

Basophilia was demonstrated by either Mallory’s phloxin — methylene 
blue or eosin — methylene blue on material fixed in Zenker’s fluid. Additional 
evidence of basophilia was obtained with the Bismarck brown technique of 
Leach (15) and with Southgate’s mucicarmine stain (9). 

Metachromasia was demonstrated on glands fixed in Zenker’s fluid, Carnoy, 
or in 4% basic lead acetate according to the methods of Pearse (21) and 
Wislocki et al. (24). Control sections were incubated for 1 hour at 37° C in an 
aqueous solution of hyaluronidase (20 mg/100 cc) or in 0.1% ribonuclease 
buffered with sodium barbital (pH 6.7) for 3 hours at 60° C. Additional con- 
trols were incubated under identical conditions in distilled water or buffer 
solution prior to staining. 

The dye-binding capacity for methylene blue (methylene blue extinction) 
was measured at pH 8.1, 7.3, 6.7, 5.3, 4.6, 3.4, and 2.3 on Zenker-fixed glands 
according to the method outlined by Pearse (21). 

The periodic acid — Schiff method (PAS) suggested by Hale (12) was used 
after fixation in cold Rossman’s fluid. Sections were collodionized prior to 
oxidation. Four controls were: (1) hydrolysis in 1% malt diastase for 1 hour 
at 37° C or in filtered saliva at room temperature, prior to the PAS treatment, 
to remove glycogen; (2) incubation in acetic anhydride in pyridine followed by 
deacetylation in ethanol and ammonia prior to PAS treatment (18); (3) 
fixation in weak Bouin followed by extraction in pyridine for 24 hours at 60° C 
to remove lipids; (4) staining without previous treatment with periodic acid 
to reveal free aldehydes. 

The Feulgen reaction, with an hydrolysis time of 8 minutes in normal 
HCI at 60° C, for the identification of deoxyribonucleic acid (DNA), and the 
triple stain of Himes and Moriber (13) for DNA, polysaccharides, and 
protein, were done on Carnoy-fixed material. The presence of protein was 
further demonstrated by the coupled tetrazonium reaction outlined by 
Pearse (21). 

The acid haematin and Sudan black B methods of Baker (2), with appro- 
priate controls, were used to identify lipids. In addition, the performic acid - 
Schiff method (PFAS) (21) following fixation in Zenker’s fluid was used to 
localize lipids containing unsaturated bonds. 


Results 
Anterior Lobe 
After staining with eosin — methylene blue or phloxin — methylene blue, 
the lumen of the anterior lobe was seen to be filled with intensely basophilic 
globules and granules scattered throughout a faintly acidophilic reticulum. 
These globules and granules exhibited strong beta (violet) metachromasia 
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with toluidine blue while the matrix was a mixture of beta- and ortho- 
chromatic material. Incubation in hyaluronidase and in ribonuclease did not 
appear to affect the metachromasia. The granules lost their dye-binding 
capacity for methylene blue below pH 4.0 while the matrix did not stain 
below about pH 5.3. A positive blue-green color occurred in this lobe after 
staining in alcian blue. The strongly acidic nature of the globules and granules 
of the anterior-lobe secretion was also demonstrated by a deep-brown color 
after Bismarck brown and a brilliant red after mucicarmine. 

Only a faint positive reaction occurred here with the PAS technique; most 
of the globules and granules remained unstained while the matrix was faintly 
pink. This staining reaction remained after acetylation and was not removed 
by diastase or saliva. No staining occurred with Schiff’s solution without 
prior oxidation of the material. Extraction with pyridine did not appear to 
affect the PAS-positivity. 

After treatment with acid haematin, the contents of the anterior lobe 
stained a very dark-brown color which was not removed by pyridine extraction. 
Part of the contents stained darkly with Sudan black B both before and after 
pyridine extraction. The PFAS and Feulgen reactions were both negative. 
A positive reddish-brown color developed with the coupled tetrazonium 
reaction and an orange color appeared with the triple stain of Himes and 


Moriber (13). 


Lateral Lobe 
After fixation in Zenker’s fluid this lobe contained a finely granular acido- 


philic material which was mainly beta metachromatic and which did not bind 
methylene blue below about pH 5.3. Metachromasia was unaffected by prior 
treatment of the lobe with hyaluronidase or ribonuclease. After PAS treatment 
the secretion gave a uniformly bright-pink color which was not removed by 
saliva, diastase, or pyridine. Acetylation blocked the PAS-reactive groups 
and deacetylation restored their activity; no PAS-positive color developed 
with Schiff’s solution alone. 

The secretion stained deep blue with acid haematin and black with Sudan 
black B; extraction in pyridine prior to treatment removed the stainable 
material. A faint positive pink color developed in the content of the lobe 
after PFAS treatment. The two tests for the presence of proteins were positive. 


Posterior Lobe 
After Zenker fixation the lumen of this lobe was filled with a homogeneous 


gelatinous material which stained purple with eosin — methylene blue. The 
secretion was mainly orthochromatic (blue-green) with toluidine blue and did 
not stain with methylene blue below about pH 4.6. A very faint positive color 
developed here with alcian blue. The secretion was only weakly PAS-positive 
and had the same reaction to the blocking and extraction techniques as the 
secretion of the lateral lobe. No positive staining occurred with acid haematin, 
Sudan black, or with the PFAS technique. A definite yellow color developed 
in the secretion after treatment with the triple stain of Himes and Moriber (13). 
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Discussion 


These results show that the secretory products of each of the lobes of the 
trilobed principal salivary gland of O. fasciatus differ not only in their appear- 
ance after fixation but also in their histochemical staining reactions. Differ- 
ences in their chemical composition, therefore, are certain. 

The PAS reaction is generally considered to be the basic method for 
identifying polysaccharide-containing materials. A few noncarbohydrate sub- 
stances, such as certain amino acids and proteins, a number of lipids, and some 
sterols, may also give a positive PAS reaction (12), but these substances can 
usually be distinguished from those of a carbohydrate nature by extraction 
and blocking techniques and other staining methods. PAS-positive material 
was present in the secretion of each of the three lobes, that of the lateral lobe 
staining the most brilliantly. The absence of free reactive aldehyde groups that 
are commonly found in lipid material, and which give a positive reaction 
with PAS, was established by the failure of the secretions to recolor Schiff’s 
solution without prior oxidation by periodic acid. Diastase digestion removed 
none of the PAS-positive material showing that glycogen was not present in 
the secretion from any lobe. Similarly, neither Fairbairn and Williamson 
(8) nor Linder (17) was able to detect glycogen in the saliva of the tsetse 
fly, Glossina palpalis, or in the maxillary gland secretion of O. fasciatus. 

The contents of the anterior lobe was resistant to blockade by acetylation 
between periodic acid and the Schiff’s solution. Gomori (10) has shown that 
some types of polysaccharide, mainly mucins, have this property. The dark- 
brown, pyridine-fast color noted in the anterior-lobe secretion after acid 
haematin treatment might be caused by the presence of markedly acidic 
proteins (2); lipoidal material was lacking. The acidic nature of this secretion 
was further demonstrated by a positive alcian blue test, considered by Steed- 
man (23) to be specific for acid mucopolysaccharides (mucins), a positive 
reaction with the Bismarck brown method for mucoproteins (15), and with 
Southgate’s mucicarmine stain for mucin (9). Since the secretion exhibited no 
gamma metachromasia, did not bind methylene blue below pH 4.0, and was not 
affected by either hyaluronidase or ribonuclease, it is likely to be a mucoprotein 
rather than an acid mucopolysaccharide. The protein nature of the secretion 
was established by the coupled tetrazonium reaction and the triple stain of 
Himes and Moriber (13). The marked basophilia of the lobe cells and the very 
conspicuous nucleoli also indicated that the secretion was of a protein nature 
(11). Consideration of the results from all the staining reactions suggested 
that the anterior-lobe secretion was composed of at least two types of material. 
The granules and globules, the main part of the secretion, were mucinous 
and were probably muco- or glyco-proteins; the less acidic reticulum was 
probably a neutral mucopolysaccharide. At present, it is not possible to dis- 
tinguish definitely between these three protein—polysaccharide complexes by 
histochemical methods. Material having much the same staining reactions 
as this secretion is produced by the accessory reproductive gland of the Japa- 
nese beetle, Popillia japonica Newman; Anderson (1) considered that its chief 
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function was to act as a lubricant. Such a function could be ascribed to the 
secretion of the anterior lobe of the salivary glands in O. fasciatus although 
Linder (17) has suggested that the secretion of the mandibular gland, an acid 
mucopolysaccharide, acts as a lubricant for the maxillary and mandibular 
bristles in this insect. 

The staining reactions of the lateral-lobe secretion indicate that it is a lipo- 
protein—carbohydrate complex. The presence of phospholipids was established 
by the positive acid haematin test while the positive PFAS test indicated 
that the lipin contained unsaturated bonds. Beta metachromasia exhibited 
by this secretion with toluidine blue might be caused by the presence of 
phosphate-containing lipoproteins (21). The affinity for eosin, the lack of 
alcian blue positivity, and the relatively high pH for methylene blue extinction 
show the basic nature of the secretion as opposed to the more acid nature of 
the anterior-lobe secretion. Only part of the strongly PAS-positive reaction 
can be ascribed to the phospholipids since a positive reaction still occurred 
in the secretion after phospholipid extraction. There must, therefore, also be 
carbohydrate material in the secretion. 

The posterior-lobe secretion was only weakly PAS-positive, suggesting that 
this material has a low carbohydrate content. Lipid groups were lacking in 
the secretion since no staining occurred with the Sudan black, acid haematin, 
or PFAS methods. The proteinaceous nature of the secretion was confirmed 
by the positive coupled tetrazonium reaction for tyrosine, tryptophan, or 
histidine. Also, since the secretion was not gamma metachromatic and did not 
bind methylene blue below about pH 4.6, it is probably a muco- or glyco- 
protein. Secretions having much the same staining properties as the secretion 
of this lobe have been reported in the salivary glands of several insects (5, 16). 
Day (6) has suggested that the mucoid substance produced by the zymogen 
cells of the salivary gland in the cockroach Periplaneta americana L. might 
be the enzyme precursor of amylase or that the mucoid substance and amylase 
might be one and the same: Neither of these suggestions appear to be supported 
by the results obtained in this study; most of the mucoid substance was 
produced in the posterior lobe, a lobe which produced very little amylase (4). 
However, the association between mucoprotein-containing substances and 
nonspecific esterase activity noted by Pearse (21) in the anterior pituitary 
gland of vertebrates also occurs in the posterior lobe of the salivary gland 
of O. fasciatus (22). 

Little is known about the function or functions of the material secreted by 
the different lobes of the hemipteran salivary glands. Miles (19, 20) has shown 
that O. fasciatus and Dysdercus fasciatus Sign. secrete two types of saliva, 
one the stylet sheath material which is a viscous liquid having no digestive 
function, the other a watery and water-soluble liquid which transforms the 
food into a state suitable for swallowing. The chemical and physical properties 
of the anterior-lobe secretion suggest that it forms the sheath material. Since 
the watery secretion contains amylase (20) and presumably other enzymes, 
it is probably produced by the lateral and posterior lobes which together 
have a complement of at least four digestive enzymes (4). 
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Further work is in progress to determine the regulatory mechanism in the 
gland which controls the type and amount of secretion from each lobe, the 
function of the accessory lobe, and the possible secretory function of the 
salivary duct. 
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DESCRIPTION OF HAEMOPROTEUS CANACHITES N. SP. 
(SPOROZOA:HAEMOPROTEIDAE) AND SPOROGONY IN 
CULICOIDES (DIPTERA :CERATOPOGONIDAE)' 


A. M. FALiis AND G. F. BENNETT 


Abstract 


Haemoproteus canachites n. sp. is described from stained blood smears from a 
spruce grouse (Canachites canadensis L.). The sporogonic cycle in Culicoides 
sphagnumensis Williams is described and illustrated. Infection was produced in 
ruffed grouse (Bonasa umbellus L.) injected with sporozoites from biting midges 
in which sporogony had taken place. The cycle is similar to that for Haemo- 
proteus nettionis (Johnson and Cleland) in Culicoides. 


Introduction 


Capture, during the summer of 1959, of an adult spruce grouse (Canachites 
canadensis L.) with a high parasitaemia of Haemoproteus provided material 
for study of the morphology of its gametocytes and its sexual cycle in a 
species of Culicoides. This genus of Haemosporidia has been recorded from 
various grouse (2, 5, 6, 7, 10, 11, 12, 17) but none has been assigned to a 
species except H. mansoni that Sambon (17) named but did not describe from 
the red grouse (Lagopus scoticus L.). Consequently H. mansoni is a nomen 
nudum and the Haemoproteus from the spruce grouse is described here as 
Haemoproteus canachites n.sp. The sporogonic cycle of this species in Culicoides 
sphagnumensis Williams is outlined together with the results of the transfer 
of sporozoites from the Culicoides to ruffed grouse (Bonasa umbellus L.) and 
other birds. 


Materials and Methods 


This work was done during July and August, 1959, at the Wildlife Research 
Station, Department of Lands and Forests, Algonquin Park, Canada. The 
infected spruce grouse was kept alive, following capture, by force-feeding it 
with a mixture of buckwheat, millet seed, and berries for more than a week 
until it began to take food on its own. The bird was exposed, as described 
elsewhere (3), to the bite of ceratopogonids on July 7, 8, 9, 10, 12, 14, 15 
commencing about 8 p.m. E.S.T. and continuing until 11 p.m. E.S.T. The 
engorged flies were kept in small cages (1) in which a high humidity and free 
water were provided by wet towels placed on the bottom. Longevity of the 
midges was presumably extended by reducing the light and the rate of evapora- 
tion in the cages by means of loosely fitting black paper covers. Specimens of 
Culicoides were dissected at intervals after their engorgement on the infected 
grouse and the stomachs and salivary glands examined for stages of the 
parasite. Heads and thoraces of flies in which sporozoites were known to be 

‘Manuscript received January 15, 1960. 
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present were emulsified in saline; the resulting suspensions were subdivided 
and injected subcutaneously into two ruffed grouse (no spruce grouse were 
available at the time), three ducks, one pigeon, and one Java sparrow. Later 
two young spruce grouse, free of Haemoproteus, were obtained. They were 
injected with Culicoides in which no sporozoites were observed, and thus 
served as controls. Blood smears were prepared from all inoculated birds to 
determine whether they became infected and to follow the course of infection. 
Growth of gametocytes, in the red blood corpuscles of the infected ruffed 
grouse, was estimated from measurements of the total length of fixed and 
stained parasites on successive days of patency. 


Haemoproteus canachites n. sp. 
Description 

Macrogametocytes.—Macrogametocytes stain in the characteristic manner 
for members of the genus. A few macrogametocytes (52 in a count of 306) 
completely surround the nuclei of the red blood cells but more often they 
occupy one-half to three-quarters of the cytoplasmic space, the ends of the 
parasites being 3-4 w apart (Fig. 1). Red blood cells containing large parasites 
are 1—2 uw longer than most unparasitized cells. Nuclei of some red blood cells 
(96 in count of 140) are pushed slightly to the side. The ends of most macro- 
gametocytes are roundly pointed and narrower than the middle of the parasites; 
ends frequently not touching nuclei or cell membranes. The nuclei 
(ca. 3-4 u X 2-3 w) are situated centrally or slightly to one end. Small vacuoles 
scattered throughout the cytoplasm give it an alveolar appearance. ‘‘Pigment 
granules” less than 1 wand numbering 12-28 (av. 19) in 31 specimens (14-22 yu, 
av. 17 uw) are usually scattered although in some specimens they are more or 
less clumped at the ends and occasionally at one end only. Too much emphasis 
should not be placed on the number of ‘“‘pigment granules” as they are more 
clumped in some specimens than others so that individual granules cannot 
always be distinguished. Macrogametocytes outnumbered microgametocytes 
659 to 105. 

Microgametocyte.—Microgametocytes are slightly smaller (none completely 
surrounded the nucleus of the host cell) than macrogametocytes. They have 
more rounded ends, a more vacuolated appearance, stain poorly, and the 
chromatin, extending through a length of at least 4-6 yw of the parasite, is 
diffuse and difficult to distinguish (Fig. 2). They may displace slightly the 
nuclei of the red blood cells but the ends of the parasites frequently are not 
in contact with nuclear or cell membranes. An average of 20 “‘pigment granules” 
was noted in a count of 20 large specimens. 

Comments.—At present most species of Haemoproteus are distinguished 
as much by the species of host in which they occur as by the morphology 
of the gametocytes. Before it can be otherwise, more data on the life histories 
of various species together with detailed study of their morphology will be 
necessary. Gametocytes of H. lophortyx O’Roke, 1930 (16) from quail show 
some similarities to those of H. canachites but the former contain more ‘“‘pig- 
ment granules’, and apparently more of the parasites completely surround 
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the nuclei of the red blood cells. The arthropod hosts of the two species are 
distinct also. H. nettionis (Johnston and Cleland, 1909) (13) from ducks 
often causes more displacement of the nucleus of the host cell than H. canachites. 
Moreover, as indicated below, failure to transmit canachites to a duck leads 
to the belief that they are distinct. Few gametocytes of H. canachites surround 
the nuclei of the infected red blood cells whereas many do so in the Haemo- 
proteus reported by Clarke (6) in the ruffed grouse. Possibly this is a specific 
morphological feature as H. canachites retained (see below) this characteristic 
when it was transmitted to ruffed grouse. 

Hosts.—Canachites canadensis L., Bonasa umbellus L. 

Locality.—Algonquin Park, Canada. 

Specimens.—Collections United States National Museum No. 39044 and 

Ontario Research Foundation. 


Cycle of Sporogony 


Ceratopogonids, rather than hippoboscids, were considered the more 
probable intermediate hosts as (i) Culicoides is known to be a host of H. 
nettionis (9), (ii) only two hippoboscids were collected from more than 300 
grouse examined in various years, (iii) ornithophilic ceratopogonids are known 
to feed on grouse (3), and (iv) comparison (4) of the prevalence of ornitho- 
philic ceratopogonids and hippoboscids with known transmission of Haemo- 
proteus indicates that the former, rather than the latter, are the probable 
hosts. 

The sporogonic cycle was investigated, therefore, by collecting Culicoides 
that fed on the infected spruce grouse, examining them on various days 
thereafter to see if parasites were developing in them, and injecting sporozoites 
found in them into other grouse in an attempt to produce infections. Cera- 
topogonids were collected from the spruce grouse on the nights of July 7, 8, 9, 
10, 12, 14, and 15. Gametocytes were common in the peripheral circulation 
on July 7 and 8 but less abundant on July 9 and 10. By July 12 and thereafter 
the gametocytes were scarce and consequently the ceratopogonids which 
fed during this time must have ingested only a few gametocytes with their 
blood meals. Most Culicoides feeding on the grouse were C. sphagnumensis 
Williams although the collections included a few specimens of C. crepuscularis 
Malloch, C. haematopotus Malloch, C. stilobesstoides Foote and Pratt, and 
C. sp. near piliferus.* The following account is based on examinations of 
C. sphagnumensis. 

Exflagellation of some mature gametocytes occurred within 3 minutes 
after they were ingested by Culicoides but others did not form gametes for 
20 minutes or more after they were taken up by the midge. Zygotes were 
found in the stomach contents of an engorged midge 12 hours after ingestion 
of gametocytes. Eleven such zygotes averaged 5.5 (4-7) uw. They stained dark 
blue with Giemsa stain and contained few or no vacuoles, and chromatin 


*Mr. J. A. Downes, Entomology Research Institute, Department of Agriculture, Ottawa, 
will describe this species. 
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was seen only in a few of them. Some were elongating at this time to form 
odkinetes (Fig. 3). Odkinetes appeared to form from zygotes by an extrusion 
of the cytoplasm until the parasites had assumed their characteristic elongate 
appearance. The odkinetes were vacuolated and stained less intensely than the 
zygotes, and the chromatin was visible. Most of the “‘pigment granules’’ of the 
odkinetes are apparently ‘“‘pinched”’ off from them as occurs in those of H. 
nettionis (9); only a single granule was present in the specimen illustrated 
in Fig. 4. Slow movement of odkinetes was observed in saline preparations 
of the stomach contents of infected flies. However, their movement in these 
in vitro preparations was so slow that it is difficult to believe that the odkinetes 
in vivo move into the wall of the stomach by means of this motion only. 
The peritrophic membrane that formed rapidly around the blood meal appar- 
ently did not prevent the movement of all odkinetes through the stomach 
wall as odcysts were present in the walls of the stomachs of some flies 4 days 
after the ingestion of parasites (Table I) although the peritrophic membranes 
appeared intact. 

Fifteen odcysts on the stomach wall of flies 4 days after ingestion of gameto- 
cytes averaged 6.3 (5-7) uw. The content of most of these appeared solid 
although division into sporozoites was beginning in some. The following 
day the developing sporozoites were more distinct in many (Fig. 6) but 
division was not observed in others (Fig. 5). Six days after the beginning of 
sporogony many odécysts contained sporozoites that were approaching maturity 
and in which the residual body was discernible. Thirty of these averaged 9.5 
(8-11) uw and contained residual bodies 3-4 yw in diameter. The developing 
sporozoites arranged about the residual body (Fig. 7) in the odcyst resembled 
NoGller’s illustrations of Lankesterella and Legerella (14, 15). Except for size 





All illustrations, drawn freehand to scale, refer to Haemoproteus canachites n.sp. 


Fic. 1. Macrogametocyte—some fill the red blood cell more completely and a few 
cause more displacement of its nucleus. 

Fic. 2. Microgametocyte—many are slightly smaller than macrogametocytes and all 
stain less intensely. 

Fic. 3. Odkinete forming from zygote as seen in stained preparation of stomach contents 
of C. sphagnumensis made 12 hours after midge had ingested gametocytes; nucleus not 
distinct. 

Fic. 4. Odkinete as seen in stained preparation of stomach content of midge that fed 
36 hours previously; note scarcity of ‘pigment granules”’. 

Fic. 5. Odcyst seen in a saline preparation of stomach wall of midge 4 days after it 
ingested gametocytes; odcyst appears to be a solid mass with a few ‘‘pigment granules” 
in it. 

Fic. 6. Somewhat diagrammatic representation of odcysts seen in a saline preparation 
of stomach of midge 6 days after ingestion of gametocytes; the cytoplasm appeared divided 
into discrete masses and the residual body was apparent. 

Fic. 7. Oécyst as seen in saline preparation of stomach of midge 6 days after ingestion 
of gametocytes; sporozoites have assumed characteristic arrangement and residual body 
containing “pigment granules” is distinct. 

Fic. 8. Odcyst as seen in saline preparaton of stomach of midge 7 days after ingestion 
of gametocytes; sporozoites, arranged irregularly, can move about within the oécyst. 

Fic. 9. Sporozoite as seen in stained preparation prepared from salivary gland of 
infected midge; some sporozoites contain more vacuoles than others. 

Fic. 10. Young gametocytes developing in a red blood cell; “‘pigment granules” 
apparent in larger parasite. 
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and the presence of a few “‘pigment granules”, which accumulate eventually 
in the residual body, the oGcyst is similar to those that we have seen of Leuco- 
cytosoon. Each odcyst contained an estimated 20-30 sporozoites. On the 
seventh day of sporogony, odcysts, containing motile sporozoites arranged 
irregularly (Fig. 8), were visible and sporozoites were in the salivary glands 
of some flies. On the following day many odcysts containing residual bodies 
only and some containing two to six sporozoites and the residual bodies were 
observed in the stomach wall of flies. The residual bodies in 10 empty odcysts 
average 3.2 (3-4) uw. These bodies contained 0-6 “pigment granules’”’. Most of 
the empty odcysts were neither obviously ruptured nor collapsed. This, and 
the fact that some contained only a few sporozoites, suggests that the latter 
escape gradually rather than by a rupturing of the wall as reported for 


Plasmodium. 
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TABLE I 


Stages of Haemoproteus in Culicoides sphagnumensis dissected after ingestion of 
gametocytes of H. canachites n. sp. 











Date Days 
Culicoides until Number 
fed dissection dissected Odcysts Sporozoites Remarks 
a" 4 4 oo — 
7/7 5 1 + 
7/7 6 6 + — Sporozoites in several odcysts 
7/7 z 4 + — 
7/7 8 1 + a 
7/7 9 7 + + Many empty odcysts 
7/7 10 4 a ao 
8/7 7 1 + + 
8/7 9 1 + + 
8/7 10 1 ? bh Stomach not examined 
9/7 9 1 ? oe Stomach not examined 
10/7 6 3 -— — 
10/7 7 1 ~- — 
10/7 7 5 + + 
10/7 8 1 + + 
12/7t 3 10 -- — 
12/7 9 2 — —_— 
12/7 14 10 ? = Stomachs not examined 
12/7 18 6 ? as Stomachs not examined 
14/7 4 1 o = -— 
14/7 7 Zz ~- — 
14/7 11 Z ? — Stomachs not examined 
14/7 12 10 ? — Stomachs not examined 
14/7 16 4 ? _— Stomachs not examined 


*Gametocytes abundant in blood meal of Culicoides. 
tGametocytes rare in blood meal of Culicoides. 


TABLE Ii 


Results of injecting suspensions of thoraces of Culicoides into various birds to produce 
infections with Haemoproteus canachites n. sp. 








No. Probable 
salivary age Prepatent 
Date glands in sporozoites, _ period, 
Bird injected injected inoculum days days Remarks 

Ruffed grouse No.1 16/7 50 9 14 

Ruffed grouse No.2 17/7 3 of 50 9-10 14 Inoculum, containing 

Duck No. 1 17/7 3 of 50 9-10 — sporozoites, divided be- 
tween these two birds 

Duck No. 2 18/7 2 of 20 10-11 — Inoculum divided be- 

Java sparrow 18/7 3 of 20 10-11 _ tween two birds 

Duck No. 3 19/7 4 of 13 9-11 --- Inoculum divided _ be- 

Pigeon 19/7 $ of 13 9-11 = tween two birds 

Spruce grouse No.1 26/7 20 12-14 — No sporozoites seen in 

1/8 23 17-19 — inoculum 
Spruce grouse No.2 30/7 10 16-18 _— No sporozoites seen in 


inoculum 
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Fifteen living sporozoites teased into saline from salivary glands of infected 
midges measured 11-14 yw. These sporozoites moved slowly back and forth, 
much more actively than odkinetes but less actively than microgametes. 
Sporozoites (Fig. 9) have a rather uniform diameter and rounded or slightly 
pointed ends. The nucleus and one or more vacuoles are clearly visible in 
specimens stained with Giemsa’s stain. 

The history of these infected flies is unknown prior to their capture after 
feeding on the spruce grouse. Conceivably, therefore, stages of the parasites 
seen in some of them could have developed from gametocytes ingested with a 
blood meal from another bird. This is improbable as (i) a sequence of stages 
of development was found in all but 4 of 41 flies examined (Table I) after 
they had fed on the grouse on July 7, 8, 9, and 10, at which times game- 
tocytes were present (although scarcer on July 10), (ii) infections were 
produced in two ruffed grouse that were inoculated with sporozoites from 
flies that fed on July 7 and 8 (Table I1), (iti) no parasites were found in 47 
flies that fed on the grouse on July 12 and 14 when gametocytes were scarce 
(Table I), and (iv) infections were not produced in two spruce grouse that were 
injected with flies fed on July 12, 14, and 15 (Table II). 


Growth of Gametocytes 


Sporozoites from the salivary glands of C. sphagnumensis were injected 
into ruffed grouse, ducks, a Java sparrow, and a pigeon to see whether 
infections with H. canachites would be established (Table II). Infections 
were produced in the two ruffed grouse injected with suspensions of flies 
known to contain sporozoites. The prepatent period of 14 days noted in 
these two ruffed grouse is similar to that noted in infections with Haemoproteus 
nettionis in ducks (9). 

An estimate of the rate of growth of gametocytes in these two ruffed grouse 
was obtained by measuring the total length of parasites on successive days of 
patency (Table II11). Comparison of the size of the largest parasites is con- 
sidered a measure of the maximum rate of growth. Some gametocytes required 
about six days to grow about three-quarters of the way around the host-cell 
nucleus, assuming that the small parasites (Fig. 10) seen on the early days of 
patency grow into these larger gametocytes (Figs. 1, 2). Apparently this is 
the maximum size of most gametocytes for only 10 of 100 large gametocytes, 
in a blood smear of ruffed grouse No. 1 on August 9, completely surrounded 
the nuclei of the red blood cells. Small parasites 3—4 uw in length, as well as 
others two or three times this size, were present in the same smear. Smears 
from the same bird on August 18 and 19 contained few parasites none of 
which completely surrounded the nuclei of the red blood cells. Obviously 
growth is slow compared to that observed for gametocytes of Leucocytozoon 
(8). The maturity of the gametocytes is not necessarily indicated by their 
size, of course, as their capacity to form gametes is the essential feature in 
their life history. 
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TABLE III 


Length (in “) of gametocytes of Haemoproteus canachites n. sp. in ruffed grouse on 
successive days of patency. Infections produced by subcutaneous injections of 
sporozoites from Culicoides fed on infected spruce grouse 





Grouse No. 1 Grouse No. 2 

ga a ee dee a ee, eee ee ee ee 
of Length (“) No, parasites Percentage Length (4) No. parasites Percentage 
patency Max. Min. measured 3morless Max. Min. measured 3 pw or less 

1 2 1 10 100 2 1 5 100 

2 5 1 10 90 6 1 10 80 

3 7 2 21 86 11 1 10 60 

4 14 1 49 43 10 1 25 60 

5 15 1 50 42 16 2 20 15 

6 18 1 53 32 19 4 25 60 

a 20 1 54 16 21 2 25 4 

8 22 5 22 0 


Parasites about 1 yw in diameter and consisting of a small amount of cyto- 
plasm and chromatin were first detected in the red blood cells. As the parasites 
grew the nuclei became more diffuse. ‘‘Pigment granules”, visible in some 
specimens 4 yw in length, increase in size as the parasite develops. The presence 
of both small and large parasites on the fourth to seventh days of patency 
(Table III) could result from (i) differences in the rate of maturity of different 
merozoites in a schizont, (ii) differences in the rate of maturity of different 
schizonts, (iii) differences in the rate of growth of parasites after their libera- 
tion from schizonts, or a combination of these. The presence of parasites of 
diverse sizes was noted also in blood smears made on July 11 from the spruce 
grouse with which the study began. On this date, approximately 1% of the 
red blood cells in the smear contained parasites. The parasitaemia declined 
rapidly, however, and from July 12 to 15 a lengthy search of a blood smear was 
necessary to locate a single parasite. Similar rapid declines in the parasitaemias 
occurred in the two ruffed grouse infected artificially, although the peaks in 
these birds were considerably below that in the spruce grouse. If the scarcity 
of gametocytes is a characteristic of this parasite, it could have an important 
influence on its spread in nature; conceivably, of course, it could be more 
adapted for life in birds other than grouse. Mature gametocytes that developed 
in these injected grouse were similar in appearance to those in the spruce 
grouse with which the study of the life history was begun indicating that 
Culicoides and the ruffed grouse are suitable hosts for H. canachites n.sp. 

Unfortunately, no spruce grouse were available to inject with sporozoites 
when these were given to ruffed grouse. Later two young spruce grouse were 
obtained and, as indicated above, were injected with suspensions of Culicoides. 
No sporozoites were seen in any of the flies dissected nor in the suspension 
prepared from them and, as expected, no parasites appeared in the spruce 
grouse. Infections were not produced in the three domestic ducks (Anas 
boschas L.), the Java sparrow (Padda orizivorae L.), and the pigeon (Columba 
livia L.) that received suspensions containing sporozoites, although portions 
of some of these suspensions produced infections in a ruffed grouse (Table II). 
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Discussion 


The artificial transmission of H. canachites from Canachites canadensis to 
Bonasa umbellus, although indicating a lack of specificity of the parasite, 
does not mean that a single species occurs in the two birds. Clarke (6) noted 
many specimens of Haemoproteus completely surrounding the nuclei of the 
parasitized red blood cells in B. umbellus (unpublished data of ours confirm 
this observation). This condition was rare in H. canachites in the spruce 
grouse and in the two ruffed grouse to which the parasite was transmitted 
artificially. This suggests the difference is specific and not due to the effect of 
the host on the parasite. The question should be resolved by study of the life 
cycle of Haemoproteus from the ruffed grouse and transfer of it to C. canadensis 
to see if it retains the tendency to surround the nucleus of the host cell. Some 
specificity of H. canachites is indicated, however, by the failure to transmit 
it to ducks, a Java sparrow, and a pigeon. Further attempts to transmit the 
parasite to these and other birds are desirable especially if grouse can be used 
simultaneously as controls. 

This is the second species of Haemoproteus known to develop in Culicoides. 
This together with other evidence (4) relating to these parasites in Algonquin 
Park leads to the strong conviction that species of Culicoides are likely hosts 
and vectors of all species of Haemoproteus encountered in this area. The 
rather rapid rate of sporogony and the similarity to that of Leucocytozoon is 
noticeable. Features of sporogony in both genera resemble those in some of the 
Coccidia rather than in the Plasmodiidae. This suggests the need for further 
comparisons and examination of the classification within the Sporozoa. 
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HYDROMERMIS CHURCHILLENSIS N. SP. 
(NEMATODA:MERMITHIDAE) A PARASITE OF 
AEDES COMMUNIS (DeG.) FROM CHURCHILL, MANITOBA, 
WITH OBSERVATIONS OF ITS INCIDENCE AND BIONOMICS'! 


H. E. WEtcH 


Abstract 


Hydromermis churchillensis n. sp. is described. It is distinguished from other 
species of Hydromermis mainly by the fused spicules and pointed termini 
of both sexes. One to six larval nematodes may be found in a larva of 

Aedes communis (DeG.). They emerge to become free- living, molt, mature, mate, 
and oviposit in 2 months. Host activity is hindered, pupation prevented, and the 
host usually killed upon emergence of the worm. Worms are found occasionally 
in adult mosquitoes. Host reaction as encapsulation sometimes occurs. Ectocom- 
mensal protozoa are more common on uninfected than on parasitized mosquito 
larvae. At Churchill, Manitoba, approximately 10% of the mosquito larvae were 
killed, but in individual pools the percentage reached 80%. Nematodes were 
irregularly distributed in the forest and transition zones, fet i no correlation was 
found between the physical features of the pools and this distribution. 


Introduction 


Jenkins and West (7) reported an unidentified mermithid nematode 
parasitizing larvae of Aedes communis (DeG.) at Churchill, Manitoba. Their 
report stimulated interest in nematodes as natural agents controlling mosquito 
populations, but inspection of the literature revealed that only two such 
parasites were identified and that only a superficial knowledge of their host 
relations was available. Investigations were therefore conducted in the 
summers of 1952 and 1953 at the Warkworth Creek field camp of the Veterinary 
and Medical Insect Unit, Entomology Division, Department of Agriculture. 
The objectives of these studies were to identify the nematode, to work out its 
life cycle, and to determine its significance as a factor in the natural mortality 
of mosquito larvae. 

It was found that the nematode was previously undescribed, and a 
description follows below: 

Hydromermis churchillensis n. sp. 
Description 

Mermithidae Braun, 1883. Hydromermis Corti, 1902. Cuticle thin, 2-3 w. 
Hypodermal chords, in dorsal, ventral, lateral, and submedial positions; 
lateral chords with two rows of diagonally placed cells. Head homocephalic, 
with flat cone-shaped lip region, and set off slightly by a neck constriction; 
16 cephalic papillae in six groups that are in one plane and hexagonally 
arranged in face view; 2 papillae in each lateral group, 3 in each submedial. 
Amphids pouch-shaped, connected by a commissure, pores small and slit-like, 
opening laterally behind the lateral papillae groups. Mouth terminal in cone- 
shaped depression of cuticle. Oesophagus much folded, 4 uw wide near mouth, 
but main portion 3 uw, extends past vulva. Stichocytes numerous and triangular 


1Manuscript received January 20, 1960. 
Contribution from Entomology Research Institute for Biological Control, Research Branch, 


Canada Department of Agriculture, Belleville, Ontario. 
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in shape. Nerve ring 180-190 uw from mouth. Trophosome degenerate, syncytial 
tissue arising 280 uw from head and terminating 220 uw from terminus. Terminus 
tapered to fine point in both sexes. 

Female (15 specimens).—Length 16.7 (12-21) mm,? tapering at both head 
and tail, usually coiled. Width at head 0.034 (0.033—0.041) mm, at vulva 
0.116 (0.095—0.114) mm, and at tail 0.041 (0.041-0.062) mm. Amphids 8 X2 yu. 
Anterior ovary arising 0.77 mm from head and posterior arising 0.39 mm 
from terminus. Uterus filled with translucent eggs. Vagina S-shaped, 0.248 mm 
long, with thick muscular walls. Vulva a transverse slit with anterior lip 
located at a point 42 (42-52) % of length (Figs. 1-6, 9). Eggs are ellipsoid, 
45-52 X 32-45 uw in situ, and unembryonated. 

Male (one whole specimen, posterior half of another).—Length 11.9 mm, 
tapering in head region and sharply behind the anus. Width at head 43 uy, 
at mid-point 130 uw, and at anus 100 uw. Amphids larger, 9X4 uw, and more 
pouch-like than in female. Anterior testis arising 1.2 mm from head and the 
posterior 1.4 mm from terminus. Paired spicules fused for one-half of their 
length, 220 uw long, with a maximum width of 21 yw, gently curved, their bases 
widened, tapering to second widened portion at point of fusion, then tapering 
to blunt point (Figs. 7-8). 

Free-living preparasitic larva.—Length 0.56-0.65 mm, anterior half 0.017- 
0.022 mm wide, but tapered posteriorly to slender tip which is often coiled. 
Cuticle and hypodermis without visible structure. Onchiostyl short, 9 uw long. 
Oesophagus short and narrow. Large cells in posterior half of body (Fig. 10). 

Early parasitic larva.—Length 0.88-0.94 mm, maximum width 0.02—0.04 mm. 
Slender throughout but gradually tapering in posterior half to thin, pointed 
terminus. Lateral chords visible. Lip region flat, with slight neck constriction. 
Onchiostyl 11 w long with swollen tip. Oesophagus one-quarter of larval 
length. Trophosome large. Enlarged cells in posterior half of body. Anus at 
three-quarters of length. 

Late parasitic larva.—Length 8.8-15.3 mm, maximum width 0.09-0.15 mm. 
Ratio head width to body width = 0.33 to 0.45. Sexes indistinguishable 
because of absence of gonad development. Other structures as in adults but 
amphids smaller. Trophosome occupying most of worm. Terminus drawn out 
into slender filament (Fig. 11). 

Free-living postparasitic larva.—Length 6.9-25.5 mm, maximum width 
0.08-0.16 mm. Ratio of head width to body width = 0.28 to 0.37. Sexes often 
separated by larger size of female. Oesophagus extends back as smooth duct 
along ventral submedial wall. Primordium of vagina visible at middle of body, 
primordium of spicules visible at tail. Trophosome extending throughout 
body. Hypodermis tapering to slight point at terminus but cuticle drawn out 
to slender filament. 

Type host.—Aedes communis (DeG.) (Diptera:Culicidae). 

Type locality —Goose Creek area, Fort Churchill, Manitoba, Canada. 

Location.—Larval stages of worm parasitic in the haemocoele of mosquito 
larvae. 


*First figure of holotype; figures in parenthesis give range of paratypes. 
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Fics. 1-6. Hydromermis churchillensis n.sp. Fig. 1. Dorsal view of female head. Fig. 2. 
Lateral view of female head. Fig. 3. Lateral view of female tail. Fig. 4. Head of female, 
end-on view. Fig. 5. Cross section of female body in anterior region. Fig. 6. Lateral view 
of vulval region, head to right. 
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Lateral view of male tail. Fig. 8. 


Fig. 10. First stage, preparasitic larva. 


a. 


11. Hydromermis churchillensis n.sp. Fig. 7 
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Specimens.—Holotype in the Canadian National Collection, Ottawa, and 
paratypes at the Entomology Laboratory, Belleville, Ontario. 

Diagnosis.—A Hydromermis with pointed termini in both sexes. A shorter 
species with smaller, more pouch-like amphids, and wider, more robust 
spicules than H. contorta (Linstow, 1889) Hagmeier, 1912. Of the same size 
as H. fluviatilis (Hagmeier, 1912) Hagmeier, 1912, but with smaller amphids 


and much longer spicules. 


This species was assigned to //ydromermis despite its possession of two 
spicules. This is because it has the other morphological characters of this 
genus and its life history is similar to other species of the genus. The fusion 
of the spicules for more than half of their length enhances the illusion, in 
lateral view, of a single structure. This appears to be the first record of fused 
spicules in the Mermithidae. The fusion resembles more closely that found in 
other families of nematodes than the entwined spicules found in Mermts 
elegans Hagmeier, 1912. It may be an intermediate stage between the separate, 
paired spicules found in species of Hexamermis Steiner, 1924, and the single 
spicules of Hydromermis and Limnomermis Daday, 1911. 

H. churchillensis, H. contorta (Linstow, 1889) Hagmeier, 1912, and H. 
fluviatilis (Hagmeier, 1912) Hagmeier, 1912, are distinguished from the other 
species of Hydromermis by the pointed termini of both sexes. Type material of 
contorta and fluviatilis are lost but the excellent descriptions and drawings of 
Kohn (9) and Hagmeier (5) permit comparisons. The three species are 
separated by the structure and size of the spicule and amphids. The amphids 
of churchillensis are smaller (8 uw diameter), more pouch-like, and set farther 
back than the larger (17 mw), cup-like amphids of contorta. The amphids of 
fluviatilis are pouch-like as in churchillensis but are larger in lateral view 
(23 X20 w) than those of that species. The spiculum of fluviatilis is the smallest 
(70 «) and most robust with a small swelling at its base; that of contorta the 
longest (0.2—-0.3 mm), and most slender, and with a single swelling at the base; 
that of churchillensis of moderate length (0.22 mm) and thickness with 
several swellings. The spiculum of each species is curved, that of contorta 
least curved because of its greater length. 

Several biological differences separate churchillensis from contorta and 
fluviatilis. Chironomids are recorded as hosts of fluviatilis and contorta, the 
former from Germany, and the latter from Austria, Germany, and recently 
United States (Johnson (8)). The life history of H. contorta differs from that 
of the other two species in that the worms emerging from the host are mature 
and soon mate (Kohn (9), Hagmeier (5), and Johnson (8)). 

Paramermis canadensis Steiner, 1924, found in adult Aedes vexans Meig. 
at Mission City, British Columbia, also has a pointed terminus. Though 
assigned to Paramermis, this species has more of the characteristics of Hydro- 
mermis, and may be close to churchillensis, though its amphids resemble 
more closely those of fluviatilis. Another mermithid, H. bostrycodes var. 
philopsychra Steiner, 1932, has a partially pointed terminus, but its description 
from immature material prevents comparisons 
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Stiles (20) and Stabler (15) described mermithids from mosquitoes in 
North America. Stiles assigned his species, culicis, to the collective group, 
Agamomermts, a repository for species based on immature specimens. Examina- 
tion of the types of culicis and of Stabler’s material reveals that they have 
blunt termini. None of the various records of parasitism by mermithids from 
other parts of the world (4, 6, 10, 13, 14, and 22) give generic assignments and 
measurements, but only limited morphological and biological details. Laird 
(10) reviewed these and postulated the existence of four species, none of which 


appears to be churchillensis 
Bionomics 


Life Cycle and Behavior 

The life cycle resembles that described by Iyengar (6) for a mermithid 
parasitizing species of Anopheles in India. A first stage nematode enters the 
haemocoele of the first and second instar mosquito larva. Death of the host 
in the fourth instar results from the emergence of the larval nematode. The 
free-living larva molts into an adult, mates, and oviposits. The species 
overwinters as an egg and hatches in the spring as an infective larva. 

The preparasitic stage of the worm was recovered in one sample taken in 
early June from pools known to contain worms in the previous year. This 
sample also contained first instar mosquito larvae, none of which were 
attacked. The small larval nematodes had onchiostyls that resemble those 
of the species that Iyengar (6) found to pierce the cuticle in entering the 
haemocoele of anopheline larvae. H. churchillensis probably enters the haemo- 
coele in a similar manner. This was partially confirmed by the fact that the 
early parasitic stage of the nematodes were never found in the gut; those 
found were always in the haemocoele. 

The growth of the nematode was proportional to that of the host. The 
worms were 1—5 mm long in the first to third instars of the host, but increased 
in length to 10-20 mm and became coiled in the fourth instar larva. The 
following summary gives as percentages the locations of the mermithids in 
198 fourth instar larvae: head only, 0.5; thorax only, 42; thorax and 1st and 
2nd abdominal segments, 20; equally in thorax and abdomen, 23; abdomen 
only, 7.5; abdomen with a small portion in the thorax, 7. 

The nematodes were concentrated in the host thorax probably because of 
their initial penetration in this region. Penetration of the abdominal region 
would be hindered by the host’s ability to fold its body and to touch many of 
the abdominal segments with its mouth parts. 

Multiple infection of mosquito larvae was common; the maximum number 
of nematodes found in one host was six. The frequency of nematode occurrence 
in 160 larvae from one pool was as follows: number per host 0, frequency 114; 
1, 28; 2, 11; 3,4;4, 1;5, 1; 6, 1. This distribution showed a significant departure 
at the 5% level from a Poisson distribution and indicated that once a host was 
attacked it is more susceptible to a second attack. Nematodes in multiple 
infections were on the average shorter than those of single host infections. 
Variations in the ratio of the sexes of nematodes in multiple infections was 
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not observed in the Churchill material. Caullery and Comas (2) reported more 
males of Paramermis contorta Linstow in high multiple infections of the 
dipteron Chironomus thummzi Kieff.; however, their experiments involved 
larger numbers than did my observations. 

Nematodes were observed emerging from fourth instar hosts. They emerged 
head first from an intersegmental fold or natural opening and took as much as 3 
hours to complete emergence. During this time the host usually lay inactive 
on the bottom of the pool, but occasionally jerked and aided the exit of the 
nematode. Death followed rapidly, though the host might be active for a few 
minutes after the nematode had emerged. The sites of emergence of 50 nema- 
todes were as follows: intersegmental folds of head, 1; mouth, 4; intersegmental 
_ folds of thorax, 28; intersegmental folds of abdomen, 6; anus, 7; siphon, 4. 

No mermithids were found in an examination of 2000 pupae though the 
recovery of four nematodes from one sample of adult mosquitoes suggested 
that pupal parasitism occurred. Most records in the literature give larval 
hosts, and Stabler (15) concluded that the presence of the worm prevented 
pupation of the mosquito. Apparently the worms can carry over from larval 
to pupal to adult hosts, but observations indicated that this occurred rarely at 
Churchill. 

After emergence, the nematodes commenced a free-living existence on the 
bottom of the pool and molted in 1 to 2 weeks. That the nematodes emerged 
from the host as fourth stage larvae was shown by their molting before mating 
in culture tubes. Mature worms were usually found in the upper 5 centimeters 
of bottom sediment, though some were as deep as 15 centimeters. Worms 
were more numerous in samples containing moss than in those containing 
detritus. This may be because of the worm’s habit of constantly writhing and 
thus becoming entwined in the loose fronds of the moss. 

Mating took place about 1 month after emergence. Males died soon after 
copulation and the female gonad underwent development for a short period 
before producing ova. Parthenogenesis apparently does not occur in this species 
as females kept apart from males showed no gonad development after 8 
months. Oviposition started 1 to 2 weeks after fertilization. The constantly 
writhing female deposited clumps of 10 to 30 eggs on all types of surface. 
The eggs have a sticky covering and adhere to surfaces despite water move- 
ment. Oviposition occurred at both day and night indicating that light 
apparently had little or no influence. 

It is assumed that the nematode overwinters in the egg stage, though 
no field observations were made during the autumn and winter. The survival 
of infective larvae through the winter is improbable as larvae in the laboratory 
died 48 hours after hatching. The worm could not overwinter as a parasite as 
A. communis has only one generation a year and no other host occurs in 
sufficient abundance in the partially dried pools in August and September; 
most insect development is prevented by the freezing of the pools in early 
October. In the laboratory, first-stage larvae hatched in mid-August following 
their accidental exposure to a temperature of 80° F, but such a high tempera- 
ture rarely occurs at Churchill in late August or September. 
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Effect of the Parasite on the Host 

Parasites may be seen easily in the fourth instar larvae, as the absence 
of both fat bodies and leg rudiments in parasitized fourth instar larvae rendered 
the larvae transparent and revealed the white coils of the worms, but in other 
instars their presence can only be determined by dissection. No differences 
could be found in the number of setae, head characters, or terminal segments 
of parasitized and non-parasitized larvae. Slight swelling and deformity of 
parasitized larvae were accentuated in preserved material. 

The nematodes coil twice or more around the gut in the thorax, but lie 
parallel to it in the abdomen, and often fill the haemocoele and crowd the 
organs. The worms usually lie free but occasionally coil through the pyloric 
pouches and sometimes pierce the caecae. Serial cross sections of parasitized 
mosquito larvae showed a reduction in fat body tissue and sometimes also in 
thoracic musculature. 

Parasitized fourth instar larvae are arrested in their development and fail 
to pupate, a condition which results in the accumulation of parasitized larvae 
in the pools. Dissection of samples taken from one pool during the 2-week 
period of pupation revealed that the percentage parasitism rose from 22 to 
68 while the percentage of larvae in the samples decreased from 100 to 58. 
This residue of parasitized larvae often produces artificially high rates of 
parasitism and unless it is taken into account often gives an incorrect picture 
of conditions. 

Infected larvae feed less and become more sluggish in their movements 
than uninfected larvae. Counts in the laboratory of the number of times that 
the larval siphon broke the water surface in a given period of time were 
61.1+8.3 for uninfected larvae and 34.1+1.1 for infected larvae. Uninfected 
larvae were, therefore, almost twice as active as infected larvae. 


Effect of Nematode Parasitism on the Presence of Ectocommensals 

The difference in activity may also account for the presence of more ectocom- 
mensals on uninfected than on infected larvae. Records of the incidence of 
two ectocommensals, a vorticellid and an epistylid (Peritricha, Protozoa), 
on mosquito larvae showed that 60% of 1457 uninfected larvae has ectocom- 
mensals, whereas only 32% of 199 infected larvae had ectocommensals. 
One can postulate that ectocommensals were attracted to the more active 
larvae because these would allow the peritrichs to sample a larger volume of 
water in search of food than would an inactive, parasitized larva. 


Effect of Host on the Nematode 

Host resistance, as encapsulation, sometimes was found in the first and 
second instar larvae. This is apparently the first recorded observation of 
such resistance to nematodes by larval mosquitoes, Brug (1) having sum- 
marized the records in adult mosquitoes. The encapsulation was similar 
to that found in insects against parasitic Hymenoptera, and consisted of the 
attachment of blood cells to the nematode cuticle and the melanization of 
this tissue around the nematode. 
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Alternative Hosts 

The nematode was found in third instar Mochlonyx sp. in 1952 and in two 
pupae of Chaoborus sp. in 1953. These hosts were collected in pools con- 
taining infected larvae of A. communis. It is possible that these predaceous 
culicids became infected by consuming infected A. communis larvae. 

Larvae of Aedes punctor (Kirby), of Aedes excrucians (Walk.), and of Aedes 
pionips Dyar were found in samples containing infected A. communis, but 
none was parasitized. Jenkins and West (7) found the mermithid in a larvae of 
Aedes nearcticus Dyar at Coral Harbour, Southampton Island, N.W.T., and 
in a larva of Aedes nigripes (Zett.) at Churchill. 


Incidence of Parasitism 


A. communis breeds chiefly in the transition and forest areas at Churchill. 
Larvae are found in the numerous pools whose total area represents more 
than 10% of the land. Breeding sites of mosquitoes at Churchill were described 
by Twinn et al. (21). 

Two plots were selected in the forest, in the transition forest, and in the 
tundra zones to determine incidence of nematode parasitism of mosquito 
larvae. The incidence was determined by dissecting samples of larvae from all 
pools within these 200-ft-square plots. The results are given in Table I. 

Infected larvae were found in pools of both forest plots (Warkworth and 
Goose creeks), one plot of the transition zone (Insectary area), but not in the 
plots of the tundra zone. The average infestation per pool for each area 
where infection occurred was almost the same in each year. The nematodes 
appear to reduce the larval population of A. communis most, 8 to 9%, in the 
Goose Creek area. The higher rate and larger percentage of pools infected at 
Goose Creek is probably related to the greater number of pools in this area. 

These rates of parasitism were less than those recorded in pools by Gendre 
(4) and Stabler (15) and for tree-hole mosquitoes by Muspratt (13). The 
parasitism given by these authors for certain pools corresponds to the 
maximums of the ranges for each area in Table I. These authors pointed out 
that their high rates were rare, as most breeding sites are without nematodes. 
These and his own observations led Laird (10) to generalize that wherever 
mermithid parasitism was noted, its incidence was high. The Churchill data 


TABLE I 


Percentage parasitism of Aedes communis (DeG.) by Hydromermis churchillensis n.sp. 
in three areas at Churchill, Manitoba 





Warkworth Goose 


Insectary, ———__-_ -—____————— 
1952 1952 1953 1952 1953 





Number of larvae examined 1512 2488 3135 3774 1762 
Per cent of pools infested 43 33 11 52 46 
Range of infestation 0-32 0-3 0-20 0-57 0-82 


Average per cent infection per pool population 5 0.2 1.4 8.1 9.8 
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do not fully support this; one-third to one-half of the pools were uninfected 
and of the remainder a few had high infestations whereas most showed 
infestations of 5 to 15%. 

The infestation of pools was haphazard. One pool had infected larvae, 
whereas a neighboring pool did not, and some pools infested in 1952 were not 
infested in 1953. A comparison of temperature records and pH determinations 
of infested and uninfested pools showed no significant differences. This was 
also true for chemical analyses of the bottoms of infested and uninfested pools. 
Some pools dried up in summer but this was not related to the presence or 
absence of worms. The coincidence of the life cycles at the time of nematode 
attack on young mosquito larvae was undoubtedly critical but snow and 
flooding prevented accurate observations. 
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NUMBER OF RHYACIONIA BUOLIANA (SCHIFF.) 
PER PINE SHOOT AS A POPULATION INDEX, WITH A 
RAPID DETERMINATION METHOD OF THIS INDEX AT 

LOW POPULATION LEVELS! 


P. HARRIS 


Abstract 


The number of R. buoliana per shoot is a good index of its abundance in a pine 
stand; but the determination of the index at low population levels involves 
counting large numbers of shoots. However, for the conspicuous third instar larvae 
and older stages it can be determined rapidly by counting the number of indivi- 
duals present on a tree and estimating the number of shoots by measuring the 
on Samael and referring to a predetermined shoot-diameter curve for the 
stand. 


In a survival study of the pine shoot moth, Rhyacionia buoliana (Schiff.), 
Harris (5), in preference to other measures, used the average number of 
individuals per shoot as an index of their abundance. The present paper 
discusses the reasons for this choice and describes a rapid method for deter- 
mining this index for third instar larvae and older stages at low population 
densities without counting the uninfested shoots. This method may also be 
useful for sampling other pests on young conifers. 

West’s (7) and Miller and Neiswander’s (6) index of the average number 
of R. buoliana larvae per ‘infested shoot’, i.e. per damaged shoot, was intended 
as a relative measurement to follow the decline in a population through a 
generation. However, it tends to exaggerate mortality, as a single larva often 
damages several shoots on the same tree. Butovitsch’s (3) measurement of a 
population as the percentage of trees attacked is simple and direct, but as 
the size of the tree affects the number of eggs laid on it, the results are mis- 
leading unless the trees are uniform in size. The percentage of leaders attacked, 
used by Brookes and Brown (1), is not a measure of the population but of 
the economic damage. The advantages of the average number of R. buoliana 
per pine shoot as a population index are: (a) the movement of larvae from 
one shoot to another does not affect an estimate of the population, provided 
the whole tree or representative shoots are sampled; and (bd) the estimate is 
not affected by variations in tree size, as the number of R. buoliana on a young 
pine is closely proportional to the number of shoots on the tree. The relation- 
ship between the number of larvae and the number of shoots on trees of 
different sizes in a Scots pine plantation is shown in Table I. Column 5 of 
this table shows that the average number of larvae per tree increased with 
the size of the tree, so that the number of larvae per hundred shoots, column 6, 
varied little, except for the smallest tree class which was dominated by the 
herbaceous vegetation. Likewise, Harris (4) found similar numbers of eggs 
were laid per shoot on three species of pine growing together. 

1Manuscript received March 11, 1960. 
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TABLE I 


Stem diameter at two inches above ground level, number of shoots, and number of 
Rhyacionia buoliana larvae on Scots pine in a 7-year-old plantation 











Larvae 
Stem diameter No. of Total No. per No. per 
(1/32 in.) trees shoots Total 100 trees 100 shoots 

10- 19 3 73 0 0 0.0 
20- 29 13 567 3 23 0.5 
30- 39 26 1,710 5 19 0.3 
40- 49 32 3,230 14 44 0.4 
50- 59 36 6,120 28 78 0.5 
60- 69 45 9,795 42 93 0.4 
70- 79 32 10,300 35 109 0.3 
80- 89 9 3,040 13 114 0.4 
90- 99 3 1,420 5 167 0.4 
100-109 1 520 1 100 0.2 

200 36,775 146 73 0.4 


The index of the average number of R. buoliana per shoot can be used to 
measure both high and low densities of the moth. At high densities the index 
is found by counting both the number of individuals and the number of shoots 
present in a random sample of pine branches; however, at low population 
densities the very large number of shoots that have to be counted may restrict 
the size of sample that can be taken and make it difficult to obtain a reliable 
estimate. For example, in the population studied (5), though the index was 
determined for the third instar larvae from a sample of 2000 to 3000 shoots, 
by the end of the pupal stage it was necessary to sample as many as 40,000 
shoots because mortality had reduced the population. However, for the third 
instar larvae and older stages the population index can be determined rapidly 
by estimation. This could not be done for the eggs and first two larval instars 
because they are inconspicuous and require a detailed examination to be seen; 
but from the development of the third instar larva at the end of the summer, 
and for the subsequent 10 months until adult emergence, the damaged buds 
are recognizable by a characteristic and conspicuous white deposit of resin. 
Thus the infested shoots on a tree can be readily seen and collected and, by 
opening the buds, the total number of R. buoliana on the tree determined. 
To convert this figure to the number of insects per shoot, the total number of 
shoots on a tree is estimated by measuring the stem diameter of the tree and 
referring to a shoot diameter curve. 

There is a strong correlation between the stem diameter and the amount 
of foliage on a young pine. Burger (2) showed this relationship for both 
needle weight and stem diameter, and twig weight and stem diameter, on 
Scots pine. Figure 1 shows the relationship between the number of shoots 
and the stem diameter with the 5% fiducial limits for 6- and 7-year-old Scots 
pine (Pinus sylvestris L.) in two adjacent plantations in England. Stem 
diameter was measured at two inches above the ground level and all shoots 
over 1 in. long were counted on each tree sampled. The curvilinear relationship 
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shown in Fig. 1 was converted to a straight line by plotting both variables 
on a log scale so that a simple regression line with standard errors could be 
calculated. As the figure indicates, tree age probably has no effect on the 
shoot—-diameter relationship. This was also true for a 6- and 10-year-old 
Corsican pine (Pinus nigra Arn.) plantation. Thus, when a stem diameter — 
shoot-number curve has been constructed for a particular stand and species 
of pine, the number of shoots on any tree in this stand can be estimated by 
measuring the diameter of the stem and referring to the curve. The method, 
however, overestimates the number of shoots on a tree when the stem diameter 
is growing. Stem diameter growth occurred between April and August, and 
consequently estimates of shoot number made during those months must be 
corrected. 

The increase in shoots per season was found for 55 trees in a 7-year-old 
Scots pine plantation that ranged in size from a stem diameter of § in. to 2 in. 
There was no correlation (r = 0.06) between percentage shoot increase and 
stem diameter: a similar increase occurred in both large and small trees. Thus, 
a percentage correction can be applied to the sample as a whole. To avoid 
waiting for the end of the growth period before determining the size of this 
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correction, the average increase for the previous year can be used. For 
example, the average increase of 30 trees in the stand studied was X2.55 +0.13 
over a 2-year period, an average increase per year of 0.6. Assuming a constant 
rate of growth between April and August, a sample taken on June 1 apparently 
containing 2480 shoots actually contains 2480/ { 100+ (0.6X2/5)} = 2000 
shoots. If 100 larvae were collected in this sample then the corrected popula- 
tion index is 5.0 larvae per 100 shoots. Such a sample could be taken in about 
an hour, using the method described, whereas it would take about four hours 
if each shoot on the trees had to be counted individually. 


JIS A Nn - WH 
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CHROMATOGRAPHIC FRACTIONATION OF THE 
NON-DIALYZABLE PORTION OF MOSQUITO EXTRACT AND 
INTRACUTANEOUS REACTIONS OF MOSQUITO-BITE-SENSITIVE 
SUBJECTS TO THE SEPARATED COMPONENTS! 


J. A. McKIEL? AND J. C. CLUNIE® 


Abstract 


An extract of each of Aedes aegypti (L.), A. atropalpus (Coq.), and Culex 
pipiens (L.) was shown by paper chromatography to contain 12 ninhydrin- 
staining peptides. None of these peptides from the A. aegypti extract was ca- 
pable of eliciting skin reactions in a volunteer sensitive to A. aegypti bites. A 
reaction equivalent to that caused by a mosquito bite was produced by an esti- 
mated 10-% g of dialyzed A. aegypti extract from which the ninhydrin-staining 
peptides had been removed. Of the solvents tested in attempting to fractionate 
this active material, the most suitable was 65% acetone. By this means, A. 
aegypti extract was shown to contain at least four fractions capable of producing 
skin reactions in volunteers sensitive to A. aegypti bites. 


Introduction 


It was shown in a previous paper (6) that immediate reactions to mosquito 
bites are the result of a previously acquired sensitivity to the salivary fluid 
injected by mosquitoes. The non-dialyzable portion of Aedes aegypti (L.) 
extract was shown to be capable of sensitizing laboratory animals to A. 
aegypti bites. This finding, as well as other evidence, demonstrated that the 
bite reaction is not caused by histamine as a component of the salivary fluid. 
Provided that the responsible antigen or antigens have straight chain con- 
figurations, the property of being retained by cellophane during dialysis 
indicates a molecular weight of at least 10,000 (7). Evidence suggestive 
of more than one substance being involved was obtained by studying the 
specificity of the reaction (6). It seemed desirable therefore to attempt to fracti- 
onate the non-dialyzable portion with a view to isolating the active principle 
which causes the reaction in sensitive subjects. 

Paper chromatography has been used by Micks (4), Micks and Ellis (5), 
and Clark and Ball (2) to identify free amino acids in several species of mos- 
quitoes. Certain quantitative differences were found which led the authors to 
speculate that paper chromatography might be a useful tool in the taxonomy 
of mosquitoes. Micks and Ellis mention the occurrence of a chromatogram 
spot, possibly a peptide, which they were unable to identify. The possibility 

1Manuscript received February 9, 1960. 
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that mosquito extract contains peptides and/or other compounds which 
may be separated chromatographically for skin-testing in suitable volunteers 
suggested this technique as a method for studying the active principle of 


mosquito extracts. 
Materials and Methods 


Mosquito Extracts 

These were prepared as described previously (6). None of the mosquitoes 
included for extraction had had a blood meal and males as well as females 
were used. They were killed by ether or chloroform and homogenized in physio- 
logic saline (1:10 w/v) by means of a Waring blendor. Merthiolate was added 
to a concentration of 1:10,000. After storage for 48 hours at 6° C, the suspen- 
sion was centrifuged at 2500 r.p.m. for 30 minutes. The supernatant was 
defatted with ether and dialyzed for 48 hours at 6° C against 40 1. of distilled 
water. It was confirmed, using synthetic mixtures, that such dialysis removed 
all free amino acids as reported by Campbell and Work (1). The extracts 
were sterilized by Seitz filtration and lyophilized. When required for use, the 
freeze-dried powder was dissolved in a minimum amount of sterile distilled 


water. 


Chromatographic Procedures 

Whatman No. 1 paper was used for all chromatograms. Wynn (8) reported 
the occurrence of peptide-like contaminants in this filter paper and his findings 
were confirmed in this work. It was found that these contaminants would 
produce a reaction when injected into the skin of experimental subjects. 
It was also found, however, that such contaminants could be removed by 
elution with distilled water. All paper used in preparing fractions of mosquito 
extract for skin testing was eluted in this way for 7 days. Freedom from con- 
tamination of the eluate was checked by skin tests before an extract was 
applied to the paper for a chromatographic run. 

The filter papers used for one-dimensional runs varied in length up to 40 
in. depending on the difficulty encountered in achieving the desired degree 
of resolution. Papers used for two-dimensional work measured 14X10 in. 
Various solvents were employed in one-dimensional chromatography while 
in two-dimensional runs, 70% phenol in water was used for the first dimension 
and n-butanol/acetic acid/water (9:1:4) was used for the second dimension. 
The direction of solvent flow in each case was descending. Chromatograms 
were sprayed routinely with 0.4% ninhydrin. In a few instances when it was 
necessary to locate spots on two-dimensional chromatograms for elution, 
0.01% ninhydrin was used. 


Elution and Hydrolysis of Peptides 

After chromatograms, on which extract had been spotted at several starting 
points, had been run in one dimension with a particular solvent, they were 
examined under ultraviolet light to ensure, by means of fluorescence of pep- 
tides or amino acids, that the distances travelled by corresponding fractions 


we 
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from the origins were consistent. To locate ninhydrin-staining peptides for 
elution, a longitudinal strip containing the chromatogram from one point of 
origin was removed, sprayed with ninhydrin, and used as a guide to mark 
the locations of the various fractions on the remainder of the sheet. The un- 
sprayed portion was cut, as marked, into transverse strips and these were 
eluted with water into small receptacles. Some of the peptides were separated 
adequately on and eluted from one-dimensional chromatograms. For the 
remainder it was necessary to run the chromatograms in two dimensions, to 
spray them with dilute ninhydrin, and to cut out and elute the spots so re- 
vealed. 

The eluted fractions were evaporated to dryness and redissolved in a few 
drops of 6 N hydrochloric acid. The acidified solutions were heated to 105° C 
for 16 hours. Following hydrolysis the excess acid was removed by repeated 
evaporation. The hydrolyzates were taken up in water containing 10% 
isopropyl alcohol, and chromatographed. Identification of tryptophane was 
carried out following hydrolysis of peptides with 14% barium hydroxide 
instead of hydrochloric acid. Blank strips of paper were run as controls in all 


cases. 


Technique of Skin Testing 

Inoculum 

Human volunteers sensitive to A. aegypti bites were employed to test the 
skin-reactive properties of preparations obtained from chromatograms of 
A. aegypti extract. Eluates were heated at 100° C for 25 minutes. Such heat- 
ing was shown not to affect the activity of the material which elicited skin 
reactions in sensitive subjects. Immediately before injection, the dry residue 
was dissolved in 40 ml of sterile distilled water or physiologic saline. 


Method of Injection 
It was apparent at the outset of this work that the amount of any fractions 


obtained would be very small. To facilitate the injection of these and to pro- 
duce blebs of the smallest possible size, an attachment for measuring small 
volumes was constructed to fit a 0.25-ml tuberculin syringe. Figure 1 is a 
diagram of this attachment. It consisted of a graduated capillary tube inserted 
into a milled stainless steel casing. The casing was threaded at each end 
to receive a gland. One of the glands was machined to fit tightly into the base 
of a hypodermic needle, while the other gland was designed to receive the 
discharge tip of the syringe. Rubber washers were inserted between the glands 
and the ends of the capillary tube. To facilitate injection of uniform, small 
amounts of fluid, the syringe was mounted in an Agla micrometer.* To load 
the syringe, the fluid was drawn into but not beyond the capillary so that the 
meniscus was visible. 

By means of this instrument, injections of 0.4 ul with an accuracy of +10% 
were possible. This volume was injected as a standard procedure in carrying 
out the tests. Injections were made intracutaneously. Following each injection 


‘Burroughs Wellcome and Company, London, England. 
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30-gauge needle 
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Fic. 1. Attachment for tuberculin syringe to facilitate the injection of small volumes. 


of eluted material, the syringe was rinsed thoroughly with distilled water 
and then tested for freedom from reactive material by making an injection 
of saline before proceeding with the test of the next eluate. 


Results 


Two-dimensional Chromatograms of Dialyzed Mosquito Extracts 
In order to examine extracts and constituent peptides a series of chromato- 
grams was run in each case using amounts of test material that varied in 
increments of 2 wl between 5 and 15 wl. When developed, the chromatograms 
showing the best resolution were selected for comparison, those spotted with 
the larger amounts of material being useful mainly to ensure that no nin- 
hydrin-staining constituents were overlooked. 
Traces of two-dimensional chromatograms of the following extracts are 
shown in Fig. 2: 
(a) larval A. aegypti, 
(6) adult A. aegypti, 
(c) adult A. atropalpus (Cogq.), 
(d) adult Culex restuans (L.). 
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Fic. 2. Tracings of two-dimensional chromatograms of extracts of larval A. aegypti, 
adult A. aegypti, adult A. atropalpus, and adult C. restuans. 


Each of these traces reveals 12 ninhydrin-stained spots. The similarities 
of the chromatograms indicate that the compounds represented by corre- 
sponding spots are qualitatively identical, although there may be some differ- 
ences in the relative amounts of each as between species. 

Attention was directed next towards obtaining information concerning 
the chemical nature of these spots and since A. aegypti was the only species 
being reared in large numbers in the laboratory, further work was confined 
to this mosquito. 

Table I lists the amino acids identified in the hydrolyzates of the material 
eluted from the individual spots of chromatographed A. aegypti (adult) 
extract. The plus signs give a rough indication of relative amounts of each 
acid within a given hydrolyzate. The presence of cystine and/or cysteine 
was inferred from the occurrence of cysteic acid on the chromatograms (3). 
It was concluded from these results that the fractions isolated were peptides 
and that there remained at the origin one or more peptides that did not 
move in the solvent system used. 


Activity of Chromatographically Separated Fractions 

Preliminary Results Using Various Solvents 

By means of one-dimensional chromatography, several solvent systems 
were tested in an attempt to fractionate the skin-reactive principle of the 
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TABLE I 
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Constituent amino acids of peptides isolated from A. aegypti extract 
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*The peptides are numbered as shown in Fig. 2. 
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extract. The following information was obtained from tests on a human 
volunteer (MA). 

(a) None of the movable peptides on the two-dimensional chromatogram 
of A. aegypti (adult) extract (Fig. 2) produced skin actions. 

(6) The following water-poor solvent systems left the activity at the origin 
while the 12 movable peptides travelled clear of that point and showed 
a varying but relatively high degree of resolution: butanol/3% am- 
monia (3:1), butanol saturated with water, butanol/methyl ethyl 
ketone/water (2:2:1), butanol/acetic acid/water (9:1:4), collidine 
saturated with water, 90% ethanol, 80% propanol, and 70% phenol 
in water. 

(c) Water-rich solvent systems such as 1 M sucrose, 60% and 70% ethanol, 
and 65% and 70% acetone while giving poor resolution of the 12 
peptides moved the skin-reactive material from the origin and there- 
fore were considered worth investigating in greater detail. 

(d) Reactivity was not destroyed by any of the solvent systems used nor 
by the attendant operations of removing solvent and heating the 
eluate. 


Amount of Skin-reactive Principle Required to Produce a Typical Bite Reaction 

Use was made of the capability of water-poor solvents to separate inactive 
material in order to effect a degree of purification of the active principle and 
to obtain an estimate of the amount of active principle required to produce a 
typical bite reaction in subject MA. The estimate was obtained using dried 
residue from the origins of chromatograms which had been spotted with 
A. aegypti extract and developed with 80% propanol. For comparison, an 
estimate of the amount of dried A. aegypti extract necessary to produce a 
similar reaction was also obtained. 

In order to obtain enough dried eluate for weighing, three prewashed filter 
papers were each spotted with twenty-two 1-ul amounts of dialyzed extract. 
These sheets and three similarly washed blank sheets were run in propanol 
under identical conditions until all movable peptides had been removed from 
the origins of the spotted sheets. Strips containing the origins and correspond- 
ing strips from blank sheets (controls) were eluted with water into separate 
micro-crucibles of known weight. Eluates from the remaining portions of the 
spotted sheets were checked by skin tests to confirm that no movement of the 
active principle had occurred. The contents of the micro-crucibles were dried 
to constant weight, then heated at 100°C for 25 minutes. Weights were 
determined on a Grammatic balance (error +0.00002 g). 

These two residues and a weighed sample of lyophilized A. aegypti extract 
were dissolved in measured volumes of sterile saline. Serial twofold dilutions 
were prepared and tested by intracutaneous injections of 0.4 wl into the 
forearms of the experimental subject. At the same time two A. aegypti mos- 
quitoes were allowed to engorge on each forearm to obtain bite reactions 
for comparison with the reactions to the injections. 
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TABLE II 


An estimate of the amount of skin-reactive principle required to produce a typical bite reaction 





Dilution to Amount (ug) to 
obtain typical produce typical 


Substance Amount bite reaction bite reaction 
Eluate from blank papers 0.00081 g No reaction — 
Eluate from A. aegypti spotted papers 0.00092 g 1:30 0.0013 
Lyophilized A. aegypti extract 0.0154 g 1:400 0.0154 


The results are shown in Table II. They indicate that a 10-fold purification 
of the active principle may be accomplished by chromatographing the extract 
in 80% propanol. The striking feature of these results, however, is the very 
small amount of active principle (of the order of 10-* yg) which is required to 
produce in a sensitive person a reaction equivalent to that caused by a mos- 
quito bite. It is well known that, for other allergens (pollens, animal danders, 
etc.), only very small amounts are required to produce the allergic response. 


Fractionation Using Water-rich Solvents 

A detailed study of A. aegypti extract by means of one-dimensional chromato- 
graphy was made using the water-rich solvents listed above. Five 3-ul amounts 
of extract were spotted on each filter paper to be developed. Blank filter 
papers were run simultaneously in the solvent under investigation to provide 
control eluates. The papers used were 40 in. long and the solvent fronts were 
allowed to progress to within a few inches of the leading edge of the paper. 
After ensuring by means of ultraviolet light that fractions from the several 
origins had moved consistently, the chromatogram was cut transversely into 
strips 1 in. wide. These as well as similar strips from the blank papers (controls) 
were eluted for skin-testing. Initial skin testing carried out on subject MA 
revealed that: 

(a) 1 M sucrose removed nearly all of the activity from the origin (the 
activity was located in a long smear without any suggestion of 
fractionation) ; 

(b) 60% ethanol likewise resulted in smearing but zones of greater and 
lesser activities appeared ; 

(c) 65% acetone produced definite fractionation of the material to which 
subject MA was sensitive; active zones were preceded and followed 
by zones of inactivity; 

(d) of three papers developed with 65% acetone, one chromatogram 
revealed four active fractions with Ry; values 0, 0.3, 0.5, and 0.9 
respectively. From the remaining two chromatograms, five active 
fractions were isolated with Ry; values of 0, 0.3, 0.5, 0.7, and 0.9 
respectively. 

The results obtained with 65% acetone were checked by preparing a new 
set of fractions using the same method and testing these fractions in subject 
MA to locate the zones of activity. In this test four active fractions with Ry 
values of 0, 0.3, 0.5, and 0.9 respectively were isolated. Each of these fractions 
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and an eluate from each of the intervening zones were tested in four additional 
subjects, each of whom exhibited strong immediate reactions to A. aegypti 
bites. The reactions of these subjects, shown in Table III, confirmed the 
findings obtained in subject MA. The results show that the skin-reactive 
principle of A. aegypti extract is composed of at least four fractions capable 
of producing immediate reactions in volunteers sensitive to A. aegypti bites. 


TABLE III 


Results of skin tests with fractions of A. aegypti extract chromatographed in 65% acetone 











Subject 
Distance from — 
origin (in in.) MA BC EG GH KL 
0 +++ +++ +++ +++ ++ 
10 +++ ++ 5 rr — 
20 ++ +++ ++ ++ ++ 
33 ++ TTT +++ ++ ++ 
A. aegypti bite +++ +++ +++ ++++ +++ 
Summary 


Dialyzed extracts of A. aegypti, A. atropalpus, and C. restuans contain 
12 peptides demonstrable by two-dimensional chromatography. The similar- 
ities of the spot patterns on the chromatograms indicate that peptides occupy- 
ing corresponding positions are qualitatively identical although they may 
differ quantitatively. These peptides separated from A. aegypti extract by 
means of water-poor solvents were inactive in skin tests carried out on a vol- 
unteer sensitive to A. aegypti bites. The activity of extracts so treated remained 
at the origins of the chromatograms. The amount of active material necessary 
to produce a reaction similar to that resulting from a mosquito bite in a sen- 
sitive person was estimated to be of the order of 10-* wg. Definite fractionation 
of the active material of A. aegypti was achieved by developing chromatograms 
in 65% acetone. Skin tests in five volunteers sensitive to A. aegypti bites 
using fractions separated by this method showed that the skin-reactive 
principle of A. aegypti extract is composed of at least four active fractions. 
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DIURNAL BEHAVIOR AND BITING HABITS OF BLACK FLIES 
(DIPTERA:SIMULIIDAE) IN THE FORESTS OF QUEBEC! 


L. S. WoLFE? AND D. G. PETERSON? 


Abstract 


Studies in the region of Baie Comeau, Quebec, from 1954 to 1956, showed 
that black flies were most active in the morning 1 to 2 hours after dawn 
and in the evening $ to 1 hour before sunset. Flight activity appeared to depend 
on light intensity if the temperature was not below 45° F, the wind velocity not 
above 2 m.p.h., and the relative humidity not below 50%. In the morning, 
activity was greatest at higher levels of light intensity, i.e., 20 ft-c, than in the 
evening, 5 ft-c. Activity increased before thunderstorms and rain and the 
increase appeared related more to the change in light intensity than to changes 
in atmospheric pressure or humidity. At night, black flies moved to resting 
places in the tops of the trees, probably because of the more suitable light in- 
tensity at the higher levels just before dark. Oviposition commenced in the late 
afternoon and continued until dark except on overcast days, when it commenced 
in early afternoon. Simulium (Simulium) venustum Say bit man mainly on the 
back of the neck. 


Introduction 


Few studies have been made of the diurnal behavior of adult black flies. 
D. M. Davies (7) studied four aspects of the behavior, i.e., flying, attraction, 
landing, and biting of females of Simulium (Simulium) venustum Say in 
Algonquin Park, Ontario. The comprehensive study of Dalmat (5, 6) of 
the black flies of Guatemala included information on the relationships between 
environment factors and feeding habits. Zahar (15) and L. Davies (8) in- 
vestigated the diurnal pattern of landing and biting activity of S. (Odagmia) 
ornatum Meig. on cattle in England and the effect of climatological factors 
on the pattern. Similar studies were reported by Breev (2) and Berzina (1) 
on black flies attacking reindeer and man in Russia. 

This is a report on experiments and observations on the diurnal and other 
aspects of black-fly activity in the region of Baie Comeau, Quebec, on the 
north shore of the St. Lawrence River. These investigations were part of a 
study on the biology and control of black flies carried out in this area from 
1954 to 1956 (14). The topography of the region has been described by the 
authors (14). 


General Methods 


To elucidate the effects of environmental factors on behavior, continuous 
observations were carried out for 24- and 48-hour periods at selected localities 


1Manuscript received February 16, 1960. 

Contribution from the Entomology Laboratory, Research Branch, Canada Department of 
Agriculture, Guelph, Ontario; based on work conducted from 1954 to 1956 by the Canada 
Department of Agriculture, Ottawa, on behalf of the Pulp and Paper Association of Canada 
and in co-operation with the Pulp and Paper Research Institute of Canada. 

2Department of Neurology and Neurosurgery, Montreal Neurological Institute, Montreal, 
Que.; in the seasonal employ of the Canada Department of Agriculture, as Entomologist, 
when this work was performed. 

’Entomology Laboratory, Research Branch, Canada Department of Agriculture, P.O. 
Box 248, Guelph, Ontario. 


Can. J. Zool. Vol. 38 (1960) 
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where black flies were plentiful. Particular attention was directed towards the 
changes in activity observed at dawn and sunset. Four contrasting localities 
were chosen. The first was on the bank of Brisson Creek, English River 
drainage basin, at the outlet of a wide, lakelike section. At this point, the 
creek was 3 yards wide and the banks were stony, with low border vegetation 
and many trailing grasses. The stream was heavily infested with immature 
stages of black flies and had many oviposition sites. The second was a treeless 
location alongside the dam at Lac la Loutre, the source of the English River. 
The logs on the dam and sluiceway were heavily infested with the immature 
stages of black flies. The third was in the coniferous forest, near Brisson Creek 
but away from the breeding area. The last was in regenerating coniferous 
forest, midway between the First Falls on the Manicouagan and Outardes 
rivers. 

Records were made each hour on the hour of atmospheric pressure, rainfall, 
maximum and minimum temperatures, wet and dry bulb temperatures, 
wind direction and velocity, evaporation rate (Pische), intensity of reflected 
light as measured with a Weston Master exposure meter three feet from a 
gray board that faced the sun, degree of cloudiness, landing rate per minute 
of black flies on an 18-in. square of blue serge cloth, biting rate on the forearm, 
and the number of flies collected in a 12 in. diameter net on 10 figure-of-eight 
sweeps around each observer. Continuous records of relative humidity and 
temperature were made with a recording hygrothermograph. Since many of 
these measurements showed no relationship to the diurnal rhythm of black-fly 
activity, they are referred to only when they bear directly on the size of the 
sweep counts or the landing or biting rate. 

For landing and biting rates, as well as sweep counts, three observers were 
positioned in a triangle, and they changed places every 8 hours. The order of 
observations was as follows: meteorological measurements, landing rate, 
biting rate, and sweep count. The observations on weather and black-fly 
behavior were completed in 20 minutes and the area was vacated until the 
beginning of the next hour. 

Special methods for studying the biting preferences of black flies and 
movement of the flies to tree tops are described in the appropriate sections 
of the text. 


Twenty-four Hour Survey, Brisson Creek, June 22-23, 1955 


Weather conditions throughout this survey were remarkably constant. 
Wind velocity averaged less than 1 m.p.h., only an occasional gust reaching 
2 m.p.h. The mean temperature was 57°F (min. 54° F, max. 58° F), the 
mean relative humidity 95% (min. 90%, max. 100%), the mean saturation 
deficiency 0.6 mm Hg (min. 0.5 mm Hg, max. 10 mm Hg), and the total 
rainfall 0.31 in. The evaporation rate was almost zero, and the mean atmos- 
pheric pressure was 28.87 mm Hg (high 28.90 mm Hg, low 28.21 mm Hg). 
Sunrise and sunset were at 0430 and 2000 hours, respectively. One hour of 
twilight followed sunset, and first light was 1 hour before sunrise. 
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Fic. 1. Sweep counts and landing rates of black flies at hourly intervals for three 
observers during a 24-hour survey at Brisson Creek in the Baie Comeau area, Quebec, 
June 22-23, 1955. 


An evening and a morning peak of activity was evident (Fig. 1). Activity 
was greater in the evening than in the morning. Biting rates were low through- 
out the survey, averaging 2.6 per minute during the daylight hours, but showed 
similar increases in the morning and evening. Oviposition was first observed at 
1400 hours and this activity increased to a maximum at 2100 hours. All 
black-fly activity ceased abruptly 1 hour after sunset. 

The small fluctuations in temperature, saturation deficiency, and atmos- 
pheric pressure did not influence the sweep counts or landing rates. During the 
morning and evening peaks of activity, i.e., from 0500 to 0700 hours and 1600 
to 2100 hours, the light intensity was less than 25 ft-c. The evening peak 
period of activity was prolonged and this appeared to be related to the observa- 
tion that the light intensity reached levels as low as 25 ft-c at 1600 hours. 

Simulium (Simulium) venustum constituted 76% and Prosimulium (Pro- 
simulium) hirtipes Fries 6% of the black flies collected in the sweeps. The 
remainder were S. (Gnus) corbis Twinn (5%), S. (S.) tuberosum Lund. (4%), 
S. (S.) decorum Wlk. (2%), S. (Hellichia) euryadminiculum Davies (4%), 
Cnephia (Stegopterna) mutata Mall. (2%), Cnephia dacotensis D. & S. (0.5%), 
and S. (Eusimulium) latipes Meig. (0.5%). A species preference for a particular 
period of the day was not observed. 


Twenty-four Hour Surveys, July 1-2, 1955 


Two surveys were conducted simultaneously, one in the treeless location 
at the Lac la Loutre dam and the other in the forest near Brisson Creek. In 
general, the weather was warm, calm, and sunny, with an occasional overcast 
period and a thunderstorm. 

Sweep counts and landing rates again had morning and evening peak 
periods, activity being greater during the evening period (Fig. 2). The increase 
in activity about noon was associated with overcast sky and a thunderstorm. 
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The morning peak of activity at Lac la Loutre, the exposed location, occurred 
1 hour after sunrise, whereas under forest cover near Brisson Creek the 
morning peak did not occur until 4 to 5 hours after sunrise. In the evening, 
activity continued for 2 hours after sunset in the exposed locality but only 
for 1 hour in the forest. Activity was greatest when the reflected light intensity 
was below 25 ft-c, i.e., before 0700 hours and after 1600 hours. 

Gusts of wind greater than 2 m.p.h. caused a sharp drop in black-fly activity, 
and therefore the effect of wind was more marked in the treeless locality at 
Lac la Loutre (Fig. 2, B). Sweep counts were considerably greater in the forest 
near Brisson Creek than in the treeless area. Landing rates usually paralleled 
the variations in sweep counts; however, in the treeless locality the landing 
rates were proportionately higher than in the forested area. Direct sunlight 
and wind favored landing. In the forest (Fig. 2, A), landing and flight activities 
were approximately the same. Biting activity was greater in the forest than 
at the treeless location. Only isolated biting occurred at Lac la Loutre until 
1700 hours, when the biting rate and the general flight activity increased. 
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_ Fic. 2. Sweep counts and landing rates of black flies at hourly intervals during two 
simultaneous 24-hour surveys in the Baie Comeau area, Quebec, July 1-2, 1955; A, in the 
forest near Brisson Creek; B, in a treeless area at Lac la Loutre. 


A thunderstorm occurred between 1100 and 1200 hours and several observa- 
tions were made on its effect on black-fly activity. As the survey stations were 
not at the center of the disturbance, there was very little change in atmos- 
pheric pressure (viz., a fall of 0.005 mm Hg). A temperature drop of 4° F and 
a 10% increase in relative humidity preceded the storm. The sky was over- 
cast between 1030 and 1300 hours. Light intensities fell to 15 ft-c in the forest 
and to 25 ft-c in the treeless locality. Before the thunderstorm, the sweep 
counts and landing rates were almost as great as those during the early 
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morning. The increase took place before there was any change in atmospheric 
pressure or relative humidity and coincided with the sharp decrease in light 
intensity to levels below 25 ft-c. When the storm broke at 1130 hours, flight 
activity in the treeless locality almost ceased whereas it increased slightly in 
the forest. 

Oviposition of S. decorum was observed on boards within the spray zone 
of the dam at Lac la Loutre from 1900 to 2100 hours. Oviposition commenced 
immediately after sunset and continued until dark. S. venustum and S. (Neo- 
simulium) vittatum Zett. oviposited during the same period on trailing grasses 
beneath the dam. Both S. decorum and S. venustum oviposited in a communal 
fashion. 

Ninety-five per cent of the black flies collected in the sweeps were of S. 
venustum. The remaining 5% were, in order of numbers, of S. decorum, S. 
vittatum, C. mutata, S. corbis, S. latipes, S. euryadminiculum, S. tuberosum, 


and P. hirtipes. 


Forty-eight Hour Survey, August 2-4, 1955 


This survey was conducted in regenerating coniferous forest. As in the pre- 
vious surveys, two peak periods of activity were observed, the first 1 to 2 
hours after dawn, and the other in the evening 3 to 1 hour before sunset. 
Sunrise and sunset were at 0500 and 1900 hours, respectively. Two small 
increases in activity were observed at 1200 and at 1500 hours on the first day 
of the survey. In both instances these increases coincided with overcast 
periods when the reflected light intensity fell from over 100 to between 20 and 
40 ft-c. Changes in temperature, saturation deficiency, and pressure were small. 
A morning peak of activity was not observed on August 4. On that day, the 
temperature was 32° F until 0600 hours. Flight commenced when the tempera- 
ture was over 45° F and then only at levels well below those of the previous 
morning. Wind velocities greater than 2 m.p.h. were associated with sharp 
falls in the sweep counts; however, if the landing cloth offered some protection 
from the wind there was a simultaneous increase in landing rates. 

As in the previous surveys, landing rates paralleled the sweep counts. 
Biting rates, although generally low in August, increased when the landing 
rates increased in the morning, evening, and during overcast periods. 

S. venustum and S. vittatum constituted 99% of the black flies collected 
during this survey. There were occasional specimens of S. (E.) aureum Fries, 
S. (Byssodon) rugglesi N. & M., S. decorum, S. (Hagenomyia) longistylatum 
Shewell, and even P. hirtipes. 


Effect of Light Intensity on Activity 


To determine more specifically the effects of variations in light intensity 
on the activity of black flies, the hourly sweep counts obtained during the 
three surveys were transformed into scores with a common standard deviation 
(standardized score = X {(n— 1)/V(X —X)*}, where X is the number of flies 
in an hourly sweep count and n is the number of counts). The sweep counts 
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Fic. 3. Activity of black flies in relation to reflected light intensity: A, the morning 
period of activity (0400 to 1200 hours); B, the evening period of activity (1300 to 2200 
hours). The results of the three surveys were combined after transformation of the sweep 
counts to scores with standard deviations. The equations for the regression lines as well as 
the chi-squared values for goodness of fit are also shown. 


reached a peak at light intensities of about 15 ft-candles in the morning, 
whereas the corresponding peak for the evening sweep counts was about 
5 ft-candles (Fig. 3). For both periods the regression lines are a good description 
of the results. 

As plots of sweep counts against atmospheric pressure, saturation deficiency, 
and temperature did not suggest any direct relationship, multiple regressions 
were not determined. 


Movement of Black Flies at Night 

Resting male and female black flies were found frequently during the 
daytime on the underside of the leaves of shrubs and needles of spruce and 
balsam fir. Dalmat (6) reported that, in Guatemala, caged black flies moved to 
ground level at nightfall. The converse was observed in the Baie Comeau 
area. At night, black flies were not found on low shrubs, in caves, near stones, 
or elsewhere at ground level. When spruce trees were shaken, black flies were 
seen to emerge from the tops of the trees and some came down towards 
coleman lamps. At night the observers collected flies by climbing trees, 
shaking them vigorously, and sweeping at 25 to 30 feet above the ground 
around them. Immediately after dawn, black flies were observed flying down 
from the top of the forest cover. 
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Therefore, black flies evidently move vertically toward the top of the forest 
cover at night and come down in the daytime. There was no relation of this 
movement to the difference in relative humidity at the ground level and in the 
upper parts of the trees. Observations during periods when the general relative 
humidity was 100% showed the same movement of black flies from ground 
level to the upper parts of trees. : 


Biting Habits 


Black flies that alight on the skin of man seldom bite immediately but 
crawl among the hairs for some time. During this exploratory period they are 
readily disturbed, but once the skin is punctured the flies become quiet and 
are easily captured. Because they do not bite at once, a 5-minute count is a 
more suitable index of biting than the 1-minute count commonly used in 
studies on mosquitoes. 

It was observed that P. hirtipes and S. venustum usually bite the back of 
the neck and scalp or behind the ears, rather than the forearm. The feeding 
time was usually 2 to 3 minutes but it ranged from 1 to 10 minutes. Two 
5-minute counts on the forearm, back of the neck, and ankle were made on 
two subjects at the peak period of the activity of S. venustum in the evening. 
The areas on the skin were marked off with a pencil and the biting rates per 
500 sq. cm of skin surface were calculated. The average biting rates/500 sq. 
cm/5 minutes for four observations were 15.4 on the forearm, 31.5 on the 
neck, and 11.6 on the ankle. 

Black flies did not bite during rain or strong wind, or when the relative 
humidity exceeded 95%; however, S. venustum bit over a wide humidity 
range, i.e., 25 to 95%. Biting rates increased during overcast periods. In the 
early morning and early evening very fair people were bitten more frequently 
than those with a darker coloration but were not bothered much during the 
day. Darker people were bitten more frequently during the day. 


Discussion 


D. M. Davies (7) concluded that the diurnal rhythm in the activity of 
black flies was reduced or lost when meteorological factors showed non- 
periodic variation. He did not include light intensities in his observations. 
The observations on the behavior of S. venustum in the Baie Comeau area 
showed that changing light intensity is probably the major factor controlling 
diurnal rhythm. Reflected light intensities between 1 and 25 ft-c were con- 
sistently associated with high levels of activity and light intensities above 
25 ft-c with low levels. Wide fluctuations of light intensity above 25 ft-c had 
little effect on activity. That peak periods of activity were at a lower level 
in the morning than in the evening may well be related to the occurrence of 
lower temperatures after dawn than before sunset. Only the extremes of 
relative humidity, i.e., below 25% and above 95%, and of temperature, 
i.e., below 45° F and above 90° F, and wind velocities above 2 m.p.h. had any 
effect on the diurnal ryhthm established by changing light intensity. A 








496 CANADIAN JOURNAL OF ZOOLOGY. VOL. 38, 1960 


correlation between a change in atmospheric pressure and increased flying 
and biting activity was not found. 

Dalmat (6) showed that there was a relation between biting activity and 
reflected light intensities, and he found that, in Guatemala, maximum biting 
occurred when the light intensities were between 4 and 10 ft-c. The time of day, 
clarity of the sky, quantity of vegetation giving shade, and the color of the 
subject’s skin all affected the intensity of reflected light and also biting 
activity. The zone between direct sunlight and full shade in the forest was 
often the area where black flies were most active and biting activity was 
greatest. Observations during the present study supported these findings. 

The vertical movement in the forest is probably caused by the difference 
in the light intensities at the base of the trees and at the top of the forest 
cover. After sunset, the flies may follow a light-intensity gradient, which 
would carry them to the top of the trees. After sunrise, the reverse would 
occur, the flies moving towards areas where light intensities are within the 
optimal range for activity when such activity is not inhibited by other, 
unfavorable climatological factors. 

There are many reports of the importance of light intensity in the activity 
of other insects. Dyson-Hudson (9) found that, in the summer, Drosophila 
subobscura Collin showed marked peaks of activity in the morning and evening, 
and that this behavior was highly correlated with light intensity. In the autumn 
and spring, however, temperature was the important factor determining 
whether activity occurred. The importance of a particular level of light 
intensity in inducing activity peaks is also illustrated by the research of 
Corbet and Tjgnneland (3) on the East African Trichoptera, which show 
clearly defined, bimodal flight rhythms. 

The diurnal patterns of behavior of mosquitoes are similar in many respects 
to those of black flies. According to C. C. Steward, Entomology Laboratory, 
Canada Department of Agriculture, Guelph, Ont. (personal communication), 
the peaks of. flying and biting activity of Aedes communis DeG. in the Baie 
Comeau area occurred 1 hour before those of black flies in the morning, and 1 
hour later in the evening. At Whitehorse, Yukon Territory, Curtis (4) found 
that the activity of mosquitoes was inhibited by wind velocities greater than 
4 m.p.h. and by temperatures below 40° F. Activity increased with a reduction 
in light intensity when other factors were stable and optimal, and no relation 
was established between atmospheric pressure and saturation deficiency. 
The work of Snow and Pickard (13) on the flight activity of Mansonia 
perturbans (Walker) in Tennessee showed that flight activity increased when 
light intensity fell below 1 ft-c and at dawn, when light intensities were 0 to 1 
ft-c. Lumsden (12) considered that the remarkable diurnal rhythm of activity 
of insects in the forest canopy in Uganda is much more likely to be related to 
changes in light intensity than to temperature or humidity. The latter vary 
widely during the day and from day to day without corresponding changes in 
activity. He considered light to be an inhibitory factor to mosquitoes during 
daylight. It led to the accumulation of hungry insects which are released into 
activity as the light intensity falls. He considered the times of the peaks of 
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activity for different species as the result of species preferences for a critical 
level of light intensity. Haddow (10), reviewing biting habits and diurnal 
activity of mosquitoes, considered light as certainly the most important 
microclimatic factor in the release mechanisms. When climatological factors 
were not extreme, the constant cycle of changes in light intensity appeared 
to be the factor most responsible for establishing the diurnal-activity pattern 
of other insect species as well as black flies. However, unknown influences 
may also be involved, as Haddow (14) found that microclimatic factors, 
light intensity, and age groups did not explain the activity patterns of mos- 
quitoes of the genus Eretmapodites Theobald in Bwamba County, Uganda. 
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SOUND-PRODUCING ORGANS AND MECHANISM OF SONG 
PRODUCTION IN FIELD CRICKETS OF THE GENUS ACHETA 
FABRICIUS (ORTHOPTERA, GRYLLIDAE)! 


R. RAKSHPAL? 


Abstract 


A comparative study of the sound-producing organs of Acheta rubens, A. 
assimilis, a “northern spring species’ (NSS), and A. pennsylvanicus reveals that 
the size of tegmen, harp, resonator, and file have no taxonomic value. The tooth- 
number in the file, however, is a useful additional character in the identification 
of males of different species of Acheta. 

The stridulatory organs of both the tegmina are equally efficient. The removal 
of the lateral or apical parts of either or both tegmina does not affect the modula- 
tion quality of the song, it only lowers the intensity. At the time of stridulation 
only about one-third of the file is engaged by the scraper and it is the inward 
movement of the tegmina that produces the song. The kind of song depends on 
the elevation of the tegmina. A pulse is produced when the tegmina move in- 
ward, followed by a non-pulse period due to outward movement of the tegmina. 
Each pulse consists of a number of ‘spikes’ (seen in audiospectrographs) each of 
which is formed by a tooth being struck. 


Introduction 


Studies by Criddle (6), Severin (13), Fulton (9), Alexander (1), and Bigelow 
(4) have shown that biological characters are of primary importance in the 
taxonomy of North American Acheta species. All species of Acheta are good 
singers and according to Alexander (1), song differences have proved better 
than any other single set of related characters for separating the North 
American species distinguished so far. 

Much attention has been paid to the study of songs of insects by using 
expensive instruments, but the following points, which are of fundamental 
importance in explaining the audiospectrographs of the songs, still remain to be 
answered: (1) parts played by different structures of the song-producing 
organs, (2) extent to which the file is scraped by the scraper at the time of 
stridulation, (3) whether it is the outward or the inward movement of the 
tegmina that produces the song, or both these movements. It is hoped that 
this study of the song-producing organs will help to elucidate these points. 


Materials and Methods 


The studies are based on both living and preserved specimens from cultures 
of the following species reared at Macdonald College: A. assimilis Fabricius 
(1775), A. pennsylvanicus (Burmeister, 1838), A. rubens (Scudder, 1902), and 
the northern spring species (NSS).* The measurements were taken in the 
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following way: The length of the tegmen was measured from the base of its 
dorsal part to its tip and its width along a line drawn parallel to the file, while 
the resonator was measured from the anterior to the posterior corner and from 
the left to the right corner. The length of the part of the A; vein having teeth 
was considered as the length of the file. In counting the number of teeth, even 
the smallest tooth, which could be seen under a magnification of about 500 
times, was taken into account. All the measurements except those of the file 
were made directly by means of an oculometer, while the file was measured 
with the help of a camera lucida. 


Structure of the Song-producing Organs 


A general description of the stridulatory organs of crickets is found in 
almost all text books of entomology and a detailed account of these organs 
has been given by Tsuchiyama (14). The song-producing organs of A. pennsyl- 
vanicus, 2 common species in Quebec, are illustrated (Fig. 1) and described 
briefly as a basis for comparison with those of other species of the genus. It 
may be noted that, in Acheta, song-producing organs are found exclusively in 
males; they are present, and similar, on both tegmina. The song-producing 
structures may be divided into two groups: the structures which produce the 
characteristic song, viz., the stridulating organs (file and scraper); and the 


























Fic. 1. Left tegmen of A. pennsylvanicus, ventral view. Ai, first anal vein; B, base of 
dorsal part of tegmen; D, dorsal part of tegmen; F, file; H, harp; L, lateral part of tegmen; 
R, resonator; S, scraper; T, tip of dorsal part of tegmen; 1, 2, 3, veins of harp. 
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auxiliary structures (tegmen, resonator, and harp). The tegmina of crickets 
are tough and sclerotized and each is divisible into two parts, the dorsal and 
the lateral, the dorsal part bearing the song-producing organs. The file lies 
near the base of the tegmen and is formed from the under surface of the part 
of A; vein which is more or less transverse in the region of the file. The teeth 
of the file are not evenly spaced but are somewhat closer together in the apical 
region. They project from the tegmen at approximately a right angle and are 
separable into three groups: largest and elongated in the middle region of the 
file, small and more or less elliptical in its basal region, while towards its apex 
they become progressively smaller although remaining elongated. The scraper 
is situated near the apex of the file and is a small thickened zone on the anal 
margin in its basal part. The resonator lies near the tip of the tegmen, is more 
or less rectangular in shape, and may be traversed by one or two veins. The 
harp is a triangular area occupying the space between the file and the resonator 
and is traversed by three veins which are also connected to the stridulating 
vein. The first of these veins demarcates the limit up to which the file is 
scraped. Usually the right tegmen overlaps the left one and therefore the 
file of the right is scraped by the scraper of the left to produce the charac- 
teristic song. 

The right and left tegmina are usually similar in size but the length of the 
file and the size of the resonator sometimes differ, while the number of teeth is 
generally different on each tegmen. The size of the resonator and the length of 
the file in many cases are more or less directly proportional to the size of the 
tegmen. When the tegmina of two individuals are of the same size and the 
number of teeth varies, the length of the file is directly proportional to the 
tooth number. 


Comparison of the Song-producing Organs of Different Species of 
Acheta 


The size of tegmen, harp, resonator, and file show great individual variation 
within each species and there is much overlap in these characters between 
species. The size of harp, resonator, and file appear to be directly proportional 
to the size of tegmen. In all species of Acheta examined the file teeth are 
separable into three groups, as in A. pennsylvanicus (vide supra). Their exact 
shape is difficult to describe adequately in words, but Fig. 2 will give some 
idea of the differences in size and shape. Although the number of the file teeth 
in different individuals of a species is variable, the mean differences are con- 
siderable. The mean numbers of file teeth and the standard deviations for 
each species (where NV =50) are listed below: 


A. rubens 98+5 
(mid-point 109) 

A. assimilis 120+5 
(mid-point 132) 

NSS 143+11 
(mid-point 153) 162+9 


A. pennsylvanicus 
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Fic. 2. Teeth in the file of A. rubens (A); A. assimilis (B); NSS (C); and A. pennsylvani- 
cus (D); a, apical region; b, basal region; m, middle region. 
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The mid-points between the means cited above are 109, 132, and 153 
respectively. Assuming representative samples and normal distributions, 
98% of all A. rubens specimens will have fewer than 109 file teeth; 98% of all 
A. assimilis specimens will have more than 109 and fewer than 132 file teeth; 
86% of all NSS specimens will have more than 132, and 81% fewer than 153 
file teeth; 84% of all A. pennsylvanicus specimens will have more than 153 
file teeth. The above-noted analysis shows that the number of teeth in the file 
is an excellent taxonomic character for some species. 


Experiments 


Of approximately 50 individuals of each species examined, 90 to 96% 
were found to be right-winged, that is, the right tegmen overlaps the left 
tegmen. When they were made left-winged by reversing the position of the 
tegmina in the laboratory 92% of the individuals of A. rubens and 68% of 
those of NSS became right-winged again within 24 hours. Individuals which 
did not revert to the right-winged condition during this period remained left- 
winged for the remainder of their lives. But, even so, artificially left-winged 
individuals sometimes began to stridulate almost immediately. At first the 
song was soft, almost exactly like the first song of the adults after their final 
ecdysis. Within 1 to 3 days, however, the left-winged individuals began to sing 
normally. In A. assimilis all individuals became right-winged again within 1 
hour. 
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When the lateral part of the right tegmen of NSS was cut away such muti- 
lated individuals stridulated as efficiently as normal males, but the song so 
produced was not so loud. Thus the removal of the lateral part of the tegmen 
did not affect the modulation quality but only the volume of the song. 

The removal of the lateral part of the left tegmen and the apical part 
(including the resonator) of both tegmina of NSS individuals again did not 
affect the modulation quality of the song although its loudness was further 
diminished, that is, the song became even softer than it was when only the 
lateral part of the tegmen was removed. Even when both the lateral and apical 
parts of both tegmina were removed the insects were able to stridulate; the 
sound so produced was very soft but the characteristic quality of the song was 
maintained. 

When the scraper of the left tegmen of NSS was removed the mutilated 
individuals tried to stridulate but could not, at first, produce any sound, and it 
is interesting to note that 80% subsequently became left-winged and produced 
a song similar to that of the normal individuals. 

The adults of A. assimilis and NSS begin their first singing on the fourth and 
sixth day of their adult life respectively. By this time the spermatophore has 
not yet developed, so that the presence of a spermatophore in the spermato- 
phore chamber is not essential for stridulation to begin. When the spermato- 
phore was removed artifically from the spermatophore chamber, singing was 
not inhibited; individuals sometimes began to sing almost immediately after 
the removal. 

It was observed that at the time of stridulation the tegmina are raised from 
the back at an angle of about 30 to 45° and there appears to be some difference 
in the songs produced at various angles. It has been noted that when an insect 
sings ‘spontaneously’ it keeps its tegmina at an angle of about 30° from its 
back; this is probably a ‘calling song’, but when another male also begins to 
sing, the first raises its tegmina to an angle of about 45° to produce the ‘fighting 
song’. Thus the kind of song seems to depend on the angle of elevation of the 
tegmina. 

It was observed that at the time of stridulation the insect uses only about 
one-third of the file, that is, about one-third of the file is engaged by the 
scraper and the remaining two-thirds do not come in contact with it. The 
scraper runs laterally nearly to the first vein of the harp. This was determined 
for A. assimilis and NSS in the following manner: the insect was held in the 
left hand by the thorax which was pressed a little, causing the tegmina to 
move upwards at an angle of about 45°. The left tegmen was then moved 
outwards with a forceps and freed so that it moved inwards, either by itself, or 
assisted a little by the thumb. By this means a characteristic chirp may be 
produced, and it can be observed that the left tegmen can move underneath 
the right tegmen only up to about the middle vein of the harp in A. assimilis 
and up to the first vein in NSS. When the tegmina are held at an angle of 
about 30 to 40° the left tegmen cannot move below the right tegmen beyond 
the positions mentioned above. The left tegmen cannot move beyond these 
limits by itself. However, when the tegmina are parallel to the back the left 
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tegmen can be moved well beyond these limits by means of forceps and the 
sound thus artificially produced is not characteristic of the species. It is, how- 
ever, very similar to the first song of the adult. 

To discover whether it is the outward, inward, or both movements of the 
tegmina that produce the song, an adult male A. assimilis was held in the 
manner described above, keeping the tegmina at an angle of about 45° from 
the back. First the left tegmen was pulled out and then allowed to move in- 
wards by itself. The characteristic sound was produced as the tegmen returned 
to the resting position. When a similar experiment was done with the right 
tegmen, however, no sound was heard. Only the inward movement of the 
tegmina produced the song. The insect first pulls its tegmina apart and then 
allows them to come together. It is only when they move towards each 
other that the characteristic song is produced. A sound can be produced 
by moving the tegmen both inwards and outwards by means of forceps, but 
the sound so produced is not characteristic. 


Discussion 


As noted above, individual crickets show great variation in tooth number 
in the file. It is, in fact, difficult to find two individuals having the same num- 
ber of teeth. However, the limits of variation in each species appear to be fixed 
around a characteristic mean number, and the mean differences in some cases 
are considerable. There is little or no overlapping in tooth number (Fig. 3), for 
example, between A. rubens and any of the other three species. The same is 
true of A. assimilis. Although overlapping is considerable in the case of NSS 
and A. pennsylvanicus there is a distinct difference in the means and the range 
of variation in tooth number between the two species, A. pennsylavnicus having 
more teeth on the average. Overlapping is so great, however, that tooth num- 
ber is useless as a taxonomic character in the case of these two species. If the 
number of file teeth affects the song character of a species, one would expect 
little or no difference between the song of NSS and A. pennsylvanicus. This is 
in fact the case, and is one of the main reasons why Alexander (1) did not 
separate these two species. There appear to be, however, distinct differences 
in the size and shape of the file teeth (Fig. 2). 

The experimental studies reveal that the stridulatory organs of both tegmina 
are equally efficient, either set being able to function as well as the other after 
a little practice. The removal of the lateral or apical parts of either or both 
tegmina (including the resonator) lowers the intensity of the song. This 
corresponds with the observations of Loher (10) for Acrididae. The change in 
the intensity of the song appears to be of no great influence in the life of 
crickets (under laboratory conditions) since males in which intensity of the 
song was lowered experimentally could attract females. In the laboratory, it 
may be noted that, particularly in A. assimilis, more than 25% of males break 
the apical part of their tegmina accidentally. 

It has been observed by many workers that there is sometimes variation in 
the quality of song of a species from different localities. Loher (10) and Frings 
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Fic. 3. Distribution of teeth in the file of 50 tegmina of each of A. rubens, A. assimilis, 
NSS, and A. pennsylvanicus. 


and Frings (7) have found clear-cut differences in the songs of different in- 
dividuals of Neoconocephalus ensiger (Harris) (Tettigoniidae). It is believed by 
Pumphrey and Rawdon-Smith (11, 12) and by Frings and Frings (8) that the 
tympanic organs lack frequency discrimination of pure tones but are sensitive 
to modulated sounds, and that this modulation quality remains the same for a 
given species. The present experiments support this view, and it is probably 
not possible to change the modulation quality of the songs of crickets experi- 
mentally. It may be suggested that the number of teeth in the file is probably 
to a great extent responsible for determining the modulation quality of the 
song of a particular species. The overlap in tooth number in NSS and A. 
pennsylvanicus keeps them very close in song character although there are 
other differences, particularly in the shape and size of teeth. There may be 
differences in the song due to the size and shape of teeth which the human ear 
cannot detect. 

There is no previous record of the extent to which the file is used for stridula- 
tion in Acheta, but Borror (5) has argued that about 40% of the file is used in 
stridulation in Neoconocephalus ensiger. His conclusion is supported by the 
present observations, but the basis of his arguments does not appear to be very 
sound, for according to him cach note contains about 40 pulses and probably 
each pulse represents a tooth being struck. Probably he means by ‘note’ a 
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pulse and by ‘pulse’ a spike. By examining a number of audiospectrographs of 
several species, published by a number of workers, and including some of those 
mentioned above, it was found that each pulse consists of a number of vertical 
‘spikes’ and I am of opinion that each spike is produced by a tooth being 
struck. If a pulse shows a large number of spikes this means that a large num- 
ber of teeth is scraped to produce the pulse. Comparing Alexander’s (1) Figs. 
11 and 14 of audiospectrographs of A. pennsylvanicus and A. rubens, the audio- 
spectrograph of the former shows a large number of spikes in a pulse while 
that of the latter shows a smaller number. This is due to the fact that A. 
pennsylvanicus has a greater number of teeth than A. rubens on the one-third 
of the file scraped. Further, these spikes are responsible for the modulated 
quality of the pulse and, since the number of teeth in the part of the file 
scraped by the scraper is more or less fixed, the modulated quality of the song 
for a species becomes fixed. 

Allard (3) and others believe that the notes are made only by the inward 
movement of the file. Recently Borror (5) has discussed this point at length 
and believes that the song is probably produced by one movement of the 
scraper. Frings and Frings (7) also feel that the sound is produced by unidirec- 
tional movement and that the silent period is a period of return of the tegmina 
to a starting position. However, this was not demonstrated by these authors. 
The present observations have conclusively shown that the song is indeed 
produced by unidirectional movement, namely the inward movement of the 
tegmina, in Acheta species. This observation also appears to be of great import- 
ance in interpreting the audiospectrographs of various insects. A study of these 
audiospectrographs reveals that the pulses are spaced; this spacing coincides 
with the outward movement of the tegmina when no sound is produced. 
Further, this period is different for different species, depending on the rapidity 
with which the tegmina are moved apart. In some insects the pulse period and 
non-pulse period are equally spaced, which would mean that both inward and 
outward movements of the tegmina take place with equal speed. In other 
insects in which the pulse and non-pulse periods are unequal, the speed of 
movement of the tegmina inwards and outwards is different. Since the spacing 
is fixed for a species, the quality of the song becomes distinctive for a species. 
This may be regarded the second quality of the song. 

The third quality of song is the number of pulses comprising a phrase, that 
is, the number of successive pulses before a break in the song. For example, in 
A. assimilis a few pulses are emitted, then a break occurs before the singing is 
repeated. 

It may be concluded that the quality of the song of a particular species 
depends firstly on the number of teeth of the file scraped by the scraper, 
secondly on the speed by which the tegmina are moved outwards and inwards, 
and thirdly on the number of pulses per unit time; and the kind of the song on 
the elevation of the tegmina. 

One question still remains to be answered, namely, the function of the 
remaining part of the file which is not scraped by the scraper. It is possible 
that this ‘unused’ part may further help in producing the specific modulated 
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frequency in a way analogous to what occurs in our stringed instruments, in 
which only a part of the string is engaged by the bow. When even a small peg 
is put on the string, the modulated quality of the string changes. The tooth 
number probably performs a similar function in the stridulatory mechanism of 
crickets. 
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INTERSPECIFIC HYBRIDS AND SPECIATION IN THE 
GENUS ACHETA (ORTHOPTERA, GRYLLIDAE)! 


R. S. BIGELow? 


Abstract 


Acheta rubens produced interspecific hybrids with both the ‘‘northern spring 
species’’ (NSS) and assimilis in the laboratory, but not with pennsylvanicus; 
assimilis crossed with both rubens and pennsylvanicus but not with NSS; NSS 
crossed only with rubens; pennsylvanicus crossed only with assimilis. All other 
attempts to cross the four species failed. Over 2500 assimilis X rubens hybrids 
were produced within 2} months; less than 1000 rubens * NSS hybrids were 
produced over about 18 months. The developmental rate of males carrying 
rubens X chromosomes was extremely slow in both rubens X assimilis and 
rubens X NSS hybrids; hybrid males carrying either assimilis or NSS X chromo- 
somes, and all hybrid females, developed at normal rates, or at rates inter- 
mediate between those of the parental species. The songs of certain hybrid males 
were intermediate between those of the parental species in certain features but 
resembled the song of one parental species in other features. Fertile backcross 
males and females were produced by rubens X NSS hybrid females but the 
viability and fertility of the offspring of these specimens were abnormally low; 
both backcross and F2 nymphs have been produced by rubens X assimilis hybrids. 
The incubation periods of hybrid eggs laid by pennsylvanicus females were less 
than half those of normal pennsylvanicus eggs at the same temperature. 


Introduction 


The solution of taxonomic problems in North American crickets of the 
genus Acheta has proved to be difficult, if not impossible, when approached 
from the classical (i.e. gross morphological) point of view. Rehn and Hebard 
(5) relegated 47 names to synonymy under Acheta assimilis F., and thus 
proclaimed the failure of a considerable body of previous work on the genus, 
nearly all of which had been based on purely morphological macroscopic 
evidence. Fulton (4), using biological evidence, revealed the presence in the 
southeastern United States of four reproductively isolated entities. Alexander 
(1) raised these entities to full specific status and described a new species, 
chiefly on the basis of similar biological evidence. A sixth species will be named 
by Alexander and Bigelow (2), but as the name will not be available before 
the present paper goes to press, this species will be referred to here as “‘NSS” 
(northern spring species). 

The six Acheta species (excepting A. domesticus (L.)) now known to inhabit 
North America east of the Mississippi and north of Florida are: 

. pennsylvanicus (Burmeister). Northern fall field cricket. 
. firmus (Scudder). Beach cricket. 

. rubens (Scudder). Triller field cricket. 

. vernalis (Blatchley). Northern wood cricket. 

. fultoni Alexander. Southern wood cricket. 

NSS. Northern spring field cricket. 


mm www 


1Manuscript received January 30, 1960. 

Contribution from the Faculty of Agriculture, McGill University, Macdonald College, 
Que., Canada. Journal Series No. 449. 

“Department of Entomology and Plant Pathology. 


Can. J. Zool. Vol. 38 (1960) 
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It is now clear that the genus Acheta in North America comprises a complex 
of very closely related species which have not diverged far beyond the point 
where hybrids can no longer form an effective bridge for gene interflow. 
A fuller understanding of these species should therefore throw light on features 
of reproductive isolation that are more or less peculiar to this group, as well 
as on the speciation process in general. Studies by Alexander (unpublished) 
have revealed the presence of at least 10 additional species in North America 
and future studies of the genus in the West and Southwest, and in the West 
Indian archipelago, will probably show that these regions also contain Acheta 
species that are unknown at the present time. The complex as a whole should 
prove to be a rich source of information on insect speciation. 

This paper is an account of crossing tests between three of the species listed 
above and Acheta assimilis F. from Jamaica. The results of these tests, in the 
form of interspecific hybrids, bear directly on the extent and kinds of repro- 
ductive isolation that exist between the species tested. Apartfrom stating 
these results, an attempt will be made to interpret them in terms of the genet- 
ical and physiological divergence that has resulted from, or helped to bring 
about, the recently completed speciation process. 


Acheta rubens X NSS 


Field-collected specimens of Acheta rubens from Viriginia were crossed with 
field-collected NSS from Quebec (near Montreal) in the spring of 1957, as 
reported by Bigelow (3)*. Only rubens 92 2 X NSS oo produced hybrid 
offspring; the reciprocal cross was sterile in this test. The male hybrids devel- 
oped far more slowly than either the female hybrids or the slow-developing 
NSS parents. The female hybrids developed at a rate intermediate between 
that of the NSS and that of the rapidly developing, bivoltine, rubens parents. 
The male hybrids were still immature in January, 1958, after 5 months at 
temperatures above 75° F and 2 months at 50—-60° F. Four of these males were 
still immature when they died in late April, 1958, after 10 months at tempera- 
tures high enough to bring several generations of either rubens or NSS to 
maturity. 

Five hybrid males matured during the winter of 1958, the first on January 
22. The first hybrid song heard was a distinct trill followed by two chirps 
(the rubens song is a very distinctive trill; that of NSS is a series of shrill 
chirps). Other hybrid males sang with a series of ‘‘trills”, each approximately 
intermediate in length between typical rubens trills and typical NSS chirps. 
Unfortunately no tape recorder was available when these songs could be 
recorded and consequently the rate of wing stroke, etc. of these hybrid males 
is not known. The audible differences, however, between rubens, hybrid, and 
NSS songs were readily apparent to all who compared the three sounds. 

The number of teeth (Fig. 1) on the file (i.e. stridulatory ridge) was counted 
on NSS, rubens, and hybrid wings and the mean number of teeth, standard 


*A, rubens was then referred to as the ‘Virginia population”, NSS as the “northern spring 
population”. 
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Fic. 1. File teeth of NSS and A. rubens, as present near the center of the file, or 
stridulatory ridge. 


deviations, and number of wings examined for each species were as follows: 


NSS 138+10.0 (N = 21) 
Hybrids 118+ 7.5 (NV = 9) 
rubens 97+ 8.3 (N = 36) 


Assuming normal distributions and representative samples, more than 
95% of the individual specimens of either rubens or NSS can be identified 
correctly by counting the number of stridulatory teeth. The mid-point be- 
tween the means for the two species is 117.5, which coincides almost exactly 
with the mean tooth number of the hybrids (118). The intermediate tooth 
number in the hybrids suggests that the number of stridulatory teeth is deter- 
mined by a relatively large number of genes. 

The five hybrid males that matured produced no offspring when mated with 
NSS, rubens, or hybrid females. 

Hybrid females produced no offspring when backcrossed to rubens males. 
When backcrossed to NSS males, however, a total of 38 nymphs hatched 
from eggs laid between January 18 and February 1, 1958. Of these 38 nymphs, 
5 males and 6 females matured between March 13 and April 14, 1958. On the 
latter date, only four very small males remained alive (these survived until 
the end of April and then died). It may be significant that all the F, hybrid 
males, but only half (4/9) of the backcross males developed very slowly 
(the other five backcross males developed at the same rapid rate as the 
females). All F; hybrid males carried rubens X chromosomes; approximately 
one half of the backcross males carried rubens, the other half carried NSS 
X chromosomes. It is therefore possible that genes affecting developmental 
rate are carried on the X chromosomes, and that the rubens alleles fail to func- 
tion properly in the presence of certain NSS autosomal genes. 
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The five backcross males that matured were mated with the six backcross 
females. Eggs were laid during April, May, and June, 1958, and 58 nymphs 
(BK) hatched from these eggs between May 10 and May 15. Of these nymphs, 
13 males and 9 females matured in late June. These were mated with one 
another, with rubens males, rubens females, NSS males, and NSS females; 
the results are shown in Table I. 











TABLE I 
BRz od rubens J'o" NSS oo 
BKz 92° One BK; nymph Nil Nil 
rubens 99 One BK; nymph Many nymphs Nil 
NSS 929 Four BK; nymphs Nil Many nymphs 








All six of the BK; nymphs died before reaching maturity, and the BK, 
generation itself died out before August 12, 1958. This BK» generation was 
highly variable in size, from extremely small to normal, and they were rather 
less active than other crickets. The majority died a few days after maturing. 
Six specimens were observed closely a few hours before their death. They 
walked slowly with stiff legs when disturbed, gradually weakened, appeared 
to become partially paralyzed, and finally lay on their backs with their legs 
waving feebly. Their legs were not curled inwards after death, as are those of 
most dead crickets, but were extended stiffly outward from the body. At 
this time these BK» crickets were distributed through six different cages, 
some with rubens and some with NSS specimens. The symptoms described 
above were observed in several of these cages, but only in BK» specimens. 
If the symptoms were due to a disease, rubens and NSS specimens must have 
been distinctly more resistant to this disease. Only BX, individuals, of all 
the hundreds of crickets in the laboratory at the time, displayed the symptoms 
described. Not all BK» individuals died in this way, although the majority 
died after an abnormally brief life-span. A few survived as adults for 23 to 3 
months. 

Throughout the summer of 1958 and 1959 both reciprocal NSS X rubens 
crosses were maintained constantly. Large numbers of specimens were used, 
including NSS specimens from Viriginia and Michigan as well as from Quebec. 
Copulation was observed occasionally and eggs were laid (sometimes in large 
numbers). Hundreds of egg samples were incubated but only two hybrid 
nymphs hatched: one male and one female. The parentage of these hybrids 
was NSS 2 X rubens & (the reciprocal of that of the 1957 hybrids). Through- 
out the periods mentioned above thousands of nymphs were consistently 
produced by control matings of both species. The hybrid specimens hatched 
on June 21-22, 1959; the male matured on July 24, the female on July 30. 
It may be significant that this rapidly developing male carried an NSS X 
chromosome. 

The two hybrids were maintained together from July 30 to October 1, 1959. 
Twelve samples of moist sand were removed at intervals from their cage and 
incubated. No nymphs hatched. 
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The song of this male was recorded at 80° F and a portion of it was analyzed 
by Dr. R. D. Alexander, who found 3-5 (usually 5) wing strokes per chirp, 
40-42 wing strokes per second, 230-240 chirps per minute, and 5000-6500 
tooth strikes per second. At 85° F NSS produced 25 (range 24-29), and 
rubens 60 wing strokes per second. The mid-point between 25 and 60 is 42.5. 
The pulse rate (i.e. wing stroke rate) of the hybrid, then, is almost exactly 
intermediate between those of the two parent species. Rate of wing stroke, 
therefore, is either determined by the combined action of a number of genes, 
or else no dominance exists between a single NSS allele on one chromosome 
and a single rubens allele on the other. Perhaps the multifactorial explanation 
is the more likely; if so this would corroborate the view of Alexander (1) 
that rate of wing stroke is probably the most significant song characteristic 
for differentiation between species. If uniformity in rate of wing stroke depends 
on the presence of an identical set composed of a number of different genes 
in all individuals of a species, then differences in rate of wing stroke reflect 
a considerable genotypic difference. 

In other song characteristics, however, the hybrid was not intermediate 
between the parental species. Its song was a series of chirps, for example, 
rather than a trill. The number of chirps per minute (230-240) lies well 
within the range of the usual NSS chirp rate (150-240) at the same temper- 
ature. Occasionally, at irregular intervals, the chirping rate of the hybrid 
increased almost to a trill, but these increases did not persist, and the song 
was never heard to pass into a definite trill, as did the songs of some of the 
1957 hybrids. In this 1959 hybrid, then, the tendency to chirp was inherited 
from the maternal grandfather (NSS) rather than from the father (rubens). 
If the tendency to chirp rather than to trill is determined by autosomal genes, 
all or most of the NSS alleles are dominant over the corresponding rubens 
alleles. It is possible that some chirp-rate genes are carried on the X chromo- 
some, since this would explain both the dominance of chirping in the 1959 
hybrid (which carried an NSS X chromosome) and the greater tendency 
toward trilling in the 1957 hybrids (which carried rubens X chromosomes). 
In any case, rate of wing stroke and rate of chirping appear to be determined 
by different sets of genes. 

The number of teeth on the file of this male hybrid could not be counted 
accurately, but each wing carried at least 125 teeth. 

Larger numbers of hybrids should be studied before conclusions can be 
drawn with full confidence regarding the possibilities discussed above. The 
difficulty in obtaining hybrids from crosses between these two species shows 
that the extent of reproductive isolation between them is considerable, but 
it does not facilitate genetical analysis of interspecific differences in song and 
developmental rate. Nevertheless, the available evidence suggests (1) that 
rubens genes, affecting developmental rate and carried on the X chromosome, 
do not function well in the presence of NSS autosomal genes, (2) that the song 
of crickets is a complex character determined by a number of genes, and (3) 
that certain song components (e.g. rate of wing stroke and rate of chirping) 
are determined by different sets of genes. 





514 CANADIAN JOURNAL OF ZOOLOGY. VOL. 38, 1960 


Acheta rubens X A. assimilis 


Laboratory-reared specimens of Acheta rubens (descended from the speci- 
mens collected in Virginia in 1957) were crossed with first generation descen- 
dants of A. assimilis* specimens collected in Jamaica in April, 1959. 

A total of 101 females and 48 males were used in the two reciprocal crosses, 
and similar numbers were used in the controls. The crosses were maintained 
from May 29 to August 13, 1959, and a total of 250 egg samples were incu- 
bated. Table II shows the results. 








TABLE II 
No. egg No. samples % egg samples Total no. 
samples that produced that produced nymphs 
Parentage incubated nymphs nymphs hatched 
rubens X rubens 46 35 76 Thousands 
rubens 2 X assimilis 0 90 5 6 943 
assimilis 9 X rubens 73 15 21 1609 
assimilis X assimilis 41 22 54 Thousands 


Of the 2552 hybrid nymphs hatched, many matured in less than 2 months 
at 82+2°F. Both males and females derived from the assimilis X rubens 
cross (AR), and females derived from the reciprocal cross (RA), developed at 
the same rate as nymphs of the two parental species. Males derived from the 
rubens X assimilis cross (RA), however, developed very slowly. None of these 
males have matured to date (January, 1960) after more than 5 months at 
constant temperatures above 80° F. Females hatched at the same time and 
from the same egg samples matured in September and died after a normal adult 
life-span of 2 to 3 months. Approximately equal numbers of males and females 
hatched from each reciprocal cross. Nymphal mortality was high in RA males, 
but 42 are still alive; 38 are in one of the final instars, 4 are in the fourth, 
fifth, or sixth instars. All these survivors appear to be healthy. In view of the 
numbers involved, and in view of the fact that not one of the RA males 
developed at a normal rate, it is clear that the cause of this abnormal rate of 
development is genetic. All RA males carried rubens X chromosomes; all 
AR males carried assimilis X chromosomes; all hybrid females carried one 
rubens and one assimilis X chromosome. Rate of development was abnormal 
only in RA males. The abnormality, therefore, is due to genes on the rubens 
X chromosome and these genes are recessive to the corresponding assimilis 
alleles. If it were due to interaction between assimilis autosomal genes and 
rubens cytoplasm there should be at least some trace of abnormality in the 
rate of development of RA females, and no such trace is apparent. 

All available hybrid specimens were crossed with one another or backcrossed 
to the parental species. The crosses were maintained from mid-August and 
mid-December, 1959. The number of adult specimens used and the number of 
nymphs produced are given in Table III. 


4A cheta assimilis Fabricius (1775), the first name to be applied to an Acheta species in Amer- 
ica, was based on a type specimen from Jamaica. Since only one species of field cricket of this 
genus is known to occur in Jamaica, the name assimilis is referred to these Jamaican specimens. 
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TABLE III 


No. of adults used 
No. of nymphs 


Cross 9 a hatched 


RAG? XARG 17 20 2 
RA @ X assimilis 3 18 12 29 
RA 9 X rubens f' 20 10 17 
assimilis 9 X ARG 12 17 1427 
rubens 29 X ARG 14 16 0 
AR? XARG 32 18 3503 
AR @ X assimilis #7 19 8 910 
AR 2 X rubens # 18 12 69 
assimilis 2 X assimilis 3 —- a= Hundreds 
rubens 2 X rubens &' — — Hundreds 


The striking difference in the number of progeny produced by these crosses 
may or may not be significant. The rubens adults were rather less vigorous 
than is normal for this species. 

Of the 69 backcross nymphs produced by AR females and rubens males, 
5 females have matured after 52-67 days, 2 females after 80-84 days at 
82+2°F, and 1 male matured after 82-89 days at the same temperature. 
Of the backcross nymphs produced by AR females and assimilis males, three 
females have matured after 45-51 days at 82+2°F. All other progeny of 
these two crosses died in the nymphal stage and the remainder of the back- 
cross and F, hybrids are still in the nymphal stage. The mortality of these 
backcross nymphs appears to have been higher than normal, which may 
or may not be significant. 

Acheta rubens and A. assimilis differ distinctly in the color of the hind 
femur. In rubens the hind femur is always dark gray® on the outer surface. 
In most specimens the reddish area at the base of the inner face is continuous 
on to the base of the outer face, but the entire outer face is distinctly dark. 
In assimilis the color of the hind femur is variable. In many specimens it is 
pale testaceous with varying degrees of fuscous streaking or mottling, usually 
along the dorsal edge. In other specimens the testaceous ground color is over- 
laid with a distinct band or spot of dark chocolate-brown along the dorsal 
edge, or extending dorsad or ventrad from the ventral or dorsal edge; in still 
other specimens almost the entire outer face is dark brown. Differences are 
apparent in the color of the outer face of the two hind femora of certain in- 
dividual specimens. Even the darkest of assimilis hind femora, however, 
differ from those of rubens; the dark brown of assimilis and the slate gray of 
rubens femora are readily distinguishable, and the reddish base of rubens is 
never present in assimilis. 

The hind femora of hybrid specimens are, on the whole, more like those of 
assimilis than like those of rubens. The testaceous ground color is apparent 
in nearly all hybrid specimens, and the dark markings are more like the dark 

’Alexander (1) refers to the hind femur of rubens as “‘pale’’. The term is here used ina rel- 
ative sense, that is, pale in comparison with the black femora of NSS, pennsylvanicus, etc. 


In many assimilis specimens the hind femora are far more “‘pale’’ than are those of any species 
treated by Alexander in the paper cited above. 
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brown of assimilis than like the slate gray of rubens (possibly because these 
markings are superimposed on the testaceous ground color). The proportion of 
specimens with dark hind femora appears to be greater in the hybrids than in 
assimilis, and in the hybrids it is often the base (corresponding to the reddish 
area in rubens) that is testaceous in bicolored femora. This tendency is not 
apparent in assimilis. In some hybrid specimens there is a suggestion of pink 
at the base of the inner face which may or may not be due to rubens genes 
(the corresponding spot in many assimilis specimens tends toward reddish 
brown), but apart from this, and the basal testaceous areas in bicolored 
individuals, the reddish basal area of rubens is not expressed in the hybrids. 
The full range of variation in assimilis, from almost entirely dark to entirely 
light, is present also in these F; hybrids, about half of which have light hind 
femora indistinguishable from those of assimilis. Differences in the darkness 
of femoral coloration are shown in Fig. 2. 

Although speculation as to the possible genetic basis of hind femoral color- 
ation is premature at this time, it would appear that the assimilis condition 
in general (at least the testaceous ground color and the absence of a basal 
reddish area) is dominant over the rubens condition. 

AR males chirped like assimilis; none trilled like rubens. Since the male 
parents of these hybrids were all trillers (i.e. rubens) the tendency to chirp 
must have been inherited from their maternal male grandparents through 
their female parents. AR songs are intermediate in wing strokes per second 
between rubens on the one hand and assimilis on the other; assimilis produces 
from 90 to 105 wing strokes per second at about 70° F, rubens about 60 wing 
strokes per second at 80° F, and the AR males about 75 wing strokes per 
second at 75° F. Again, the tendency to chirp appears to be determined by 
genes on the X chromosomes. 


Acheta assimilis X A. pennsylvanicus 


On July 31, 1959, three pennsylvanicus virgin females were placed in a jar 
with one assimilis male. On August 3 two pennsylvanicus males were placed 
in a jar with one assimilis female. The assimilis specimens were descended 
from specimens collected in Jamaica in April, 1959; the pennsylvanicus speci- 
mens were collected in Quebec, near Montreal, in July 1959 and reared 
through the final instars to maturity in the laboratory. Egg samples were 
removed from these jars at intervals until August 17, when both cultures were 
discarded. No nymphs were produced by the single assimilis female and the 
two pennsylvanicus males, but a total of 33 nymphs were produced by the 
reciprocal cross. The eggs were incubated at a constant 82+2°F and the 
incubation periods were as follows: 











Incubation in days No. of nymphs hatched 
13-15 22 
14-16 4 
16-19 1 
25-27 2 
26-31 4 
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Fic. 2. Hind femora of Acheta assimilis (A), A. rubens (C), and assimilis X rubens 
hybrids (B) showing differences in the darkness of the color of the outer face. 
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Over 80% of these eggs hatched after less than 19 days of incubation at 
82+2° F. This is the incubation period of assimilis eggs, which hatch after 
about 2 weeks at this temperature, or fail to hatch at all. The incubation period 
of pennsylvanicus eggs, however, is usually more than 60 days at this tempera- 
ture. A few pennsylvanicus eggs hatch after about 30 days, but most do not 
hatch in less than 2 months at 82° F. Of the many thousands of pennsylvanicus 
eggs that have been incubated in this laboratory, not one has hatched after 
less than 30 days of incubation at 82+2° F. 

The incubation period of these hybrid eggs, laid by a pennsylvanicus female, 
was therefore surprisingly brief. The rapid development of the hybrid embryos 
could not have been due to factors present in (or absent from) assimilis 
yolk or cytoplasm, for both the yolk and cytoplasm of the eggs were derived 
from a pennsylvanicus female. Embryonic diapause in this species appears 
to be determined, therefore, by the genetic constitution of the embryo and 
not by cytoplasmic or yolk constituents. 

Ten female (three adult, seven immature) and four male (one adult, three 
immature) hybrid nymphs from this cross were alive in November, 1959. 
They resembled pennsylvanicus in general body color (although the adults 
were not as jet black as pennsylvanicus adults). On one adult female the 
hind femora were uniformly dark gray, approaching the black condition of 
pennsylvanicus. The other three adults (one o, two 2 2), however, bore a 
distinct testaceous area near the base and along the ventral edge of the outer 
face of the hind femur. This condition is, to my knowledge, unknown in 
pennsylvanicus. Of the 10 immature specimens, 9 lacked such a testaceous 
spot, but it was present in 1 male nymph. On January 9, 1960, four of these 
females were still alive. All of the four dead females that had not been devoured 
had distinct testaceous markings on the hind femora; in one case almost the 
entire hind femur was testaceous. All males were dead at this time, and the 
testaceous spot was distinct on the femora of the two that had not been 
devoured (one of these had died very recently after nearly 5 months in the 
nymphal stage). 

Of the 14 specimens alive in November, 4 had testaceous marks on the hind 
femora, and 10 did not. Of the 10 available specimens on January 9, 8 had 
testaceous markings and only 2 did not. The testaceous markings, therefore, 
tend to appear during the later instars. 

It is curious that the assimilis coloration as a whole, which is expressed in 
all assimilis X rubens hybrids, was largely suppressed in these assimilis X 
pennsylvanicus hybrids. 


Acheta assimilis x NSS 


During the summer of 1959 the descendants of assimilis specimens collected 
in Jamaica in April, 1959, were crossed with NSS specimens collected from the 
field in Quebec in 1959, and with the descendants of NSS specimens collected 
in North Carolina, Virginia, and Maryland in April, 1958, as shown in Table 
IV. 
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TABLE IV 
No. of 
specimens No. of 
used egg 
samples’ No. of 
g a 2 rou Set up Discarded incubated nymphs 
NSS (Que.) X assimilis 2 2 May 6 June 15 18 0 
assimilis X NSS (Que.) 2 4 May 6 Aug. 7 40 0 
NSS (Md.) X assimilis 1 2 May 6 June 24 24 0 
assimilis X NSS (Md.) 1 2 May 14 July 8 14 0 
NSS (Va.) X assimilis 15 20 May 6 Aug. 11 35 0 
assimilis X NSS (Va.) 52 19 May 16 Aug. 11 50 0 
NSS (N.C.) X assimilis 1 2 May 6 July 22 19 0 
assimilis X NSS (N.C.) 1 2 May 11 July 27 20 0 
Totals 75 53 May 6 Aug. 11 220 0 


Throughout the period indicated above, each of the control matings of 
assimilis, and of all four NSS strains, produced hundreds of nymphs. 

Copulation was observed between an assimilis female and an NSS (Va.) 
male on July 10. The spermatophore was effectively transferred, and was 
carried off by the female. It is regrettable that more time was not spent observ- 
ing these specimens, but the nature and extent of the work in progress at the 
time made this impossible. Eggs were laid in all crosses, sometimes in large 
numbers (occasionally as many as five females were observed ovipositing 
simultaneously); on the whole, however, females in these crosses laid fewer 
eggs than did control females. Males other than assimilis (i.e. NSS and rubens 
males) often fail to survive through a normal life-span when caged with 
assimilis females. This is perhaps more often the case with specimens caged 
together in the close confines of a jar (about 5X5 inches) than in cages (24X 
16 in.). It has not been noticed in other interspecific matings. 

The failure of these NSS X assimilis crosses to produce a single nymph 
shows clearly that factors producing reproductive isolation are effective be- 
tween the two species, but it does not prove that the incompatibility is abso- 
lute (NSS X rubens crosses have been sterile for even greater periods of time). 
It is, of course, impossible to prove a negative. 


Acheta pennsylvanicus X NSS 


All attempts to obtain NSS X pennsylvanicus hybrids in this laboratory 
have failed. Early crossing experiments involving these two species are 
discussed by Bigelow (3). These and subsequent experiments will be described 
by Alexander and Bigelow (2). Large numbers of specimens have been used, 
and crosses have been maintained over long periods of time (over 12 months). 
Copulation has been observed, and living sperms have been seen in the 
spermatheca of an NSS female. This failure to produce offspring shows the 
presence of very effective isolating factors, but, again, it is impossible to prove 
a negative. 
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Acheta rubens X A. pennsylvanicus 


These two species have not been crossed in this laboratory on a scale 
comparable with other interspecific mass matings. 

Only the pennsylvanicus X assimilis cross discussed above has involved 
fewer specimens and less time. Reciprocal pennsylvanicus X rubens crosses 
were maintained during the summers of 1957 and 1958, during which time 
both pennsylvanicus and rubens controls were producing numerous offspring. 
No pennsylvanicus X rubens hybrids were produced, which suggests effective 
reproductive isolation between the two species (but again without proving 
absolute incompatibility). 


Discussion 


The bearing of the foregoing results on the extent of reproductive isolation 
that exists (or would exist) in the field between these four species must be 
interpreted with caution. Certain species which would never (or very rarely) 
interbreed in nature may produce many hybrids in the laboratory, where 
they have no choice of mates. In crickets of this genus the song of the males is 
without doubt a potent factor in reducing the number of interspecific matings 
in the field. In the laboratory, females caged with males of another species 
were often only inches away from singing males of their own species in a near- 
by, but inaccessible, cage. Obviously, interspecific matings are more likely 
to occur under such conditions than they are in nature. 

On the other hand, failure of two species to interbreed in the laboratory 
may bear directly on the extent to which these species can be expected to 
interbreed in the field. The very factors (absence of choice, etc.) that call 
for caution in the extrapolation of laboratory interbreeding to field inter- 
breeding may increase the significance of failures to interbreed in the labor- 
atory. If the two reciprocal crosses and the controls were drawn at random 
from only one population of each species, if the four groups are maintained 
separately under identical conditions, and if each of the controls produce 
many offspring while neither of the crosses produce any, then it is safe to con- 
clude that some form of reproductive isolation is present between the two 
species. If the species will not cross under forced mating conditions such as 
these it is even less likely that they will do so in the field where a choice of 
mates is possible. 

The failure of assimilis X NSS, NSS X pennsylvanicus, and pennsylvanicus 
X rubens to produce hybrid offspring in the laboratory proves the presence 
of reproductive barriers more conclusively than the rubens X assimilis, 
rubens X NSS, and assimilis X pennsylvanicus hybrids prove the absence of 
such barriers in nature. Similarly, the infrequent occurrence of rubens * NSS 
hybrids in the laboratory suggests that such hybrids would be even more 
rare in nature. The production during the summer of 1959 of over 2500 
rubens X assimilis, only 2 rubens X NSS, and no assimilis X NSS hybrids 
suggests that isolating factors are least effective between rubens and assimilis 
and most effective between assimilis and NSS. The production of 33 hybrids 
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by the first assimilis X pennsylvanicus cross attempted (only 4 pennsyl- 
vanicus and 2 assimilis specimens were used) may well be fortuitous; future 
crosses between these species may prove to be sterile. The evidence available 
at this time, however, suggests that isolating factors between these two species 
are relatively weak in the laboratory. 

Although they do not prove the absence of effective reproductive barriers 
in the field, interspecific hybrids obtained in the laboratory may be a rich 
source of information on the genetical similarities and differences between 
the parental species. Their very existence, for example, proves at least a 
limited compatibility between the gene complements of the two parent species, 
and their abnormalities provide clues to genetical differences between these 
species. When abnormalities of the hybrids involve decreases in vitality or 
fertility, they provide clues to the particular kinds of divergence that have 
been most important in the completion of the speciation process. 

The rubens X assimilis hybrids, for example, reveal the presence of an 
extensive genetical similarity, involving the entire gene complements, between 
the two parental species. The very arrangements of the genes on the chromo- 
somes is sufficiently similar to permit pairing and the meiotic formation of 
viable gametes by both sexes of F; hybrids. Whether or not the backcross 
and Fy, hybrids will be equally vigorous and equally fertile remains to be 
seen, but it is clear from the F; that rubens and assimilis have not diverged 
far beyond the completion of speciation. Although the evidence of genetic 
similarity is less complete in the case of rubens and NSS, the production o1 
fertile female hybrids by these two species, and the subsequent production by 
these females of fertile backcross individuals of both sexes, reveals that these 
two species have also barely completed the speciation process. Although NSS 
and assimilis appear to be intersterile, the close genetical similarity between 
each of them and rubens implies a close similarity with one another. The 
production of apparently vigorous hybrids by assimilis and pennsylvanicus 
implies a genetic similarity between pennsylvanicus and rubens and, through 
rubens, such a similarity between pennsylvanicus and NSS. It is indeed curious 
that the latter two species, sympatric over much of North America, practically 
identical in morphology and song, appear to differ most in terms of reproduc- 
tive compatibility. They have failed, after many attempts, to cross with one 
another; pennsylvanicus, but not NSS, has been crossed with assimilis. 
Although pennsylvanicus and rubens have not crossed, both have crossed with 
assimilis; although NSS and assimilis have not crossed, both have crossed 
with rubens; NSS and pennsylvanicus have neither crossed with one another 
nor with the same third species. 

On the one hand, the hybrids show that close genetical similarities exist 
between all four species, and on the other they show important indications of 
genetical incompatibility. The abnormally slow developmental rate of all 
hybrid males that carry rubens X chromosomes shows a distinct incom- 
patibility between certain rubens genes and certain autosomal genes of both 
assimilis and NSS. Since these rubens genes are unable to function normally 
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in the absence of the corresponding alleles of the other species, certain other 
genes might also fail to function well when homozygous in F; and backcross 
individuals. The developmental abnormality in the /; generation alone pro- 
vides sufficient grounds for the conclusion that the three species could not, 
even with panmixia, lose their separate identities in nature. Natural selection 
favors those individuals which produce the greatest number of viable fertile 
offspring. The number of fertile offspring from rubens X NSS or rubens X 
assimilis matings will be, on the average, only three quarters of that derived 
from infraspecific matings in any one of the three species, which is more than 
enough to ensure hybrid breakdown. This, of course, depends on whether 
or not the hybrid males in question are, in fact, sterile. They live, as nymphs, 
for a long time; four such hybrids from the 1957 NSS X rubens cross actually 
matured, and more than four from the rubens X assimilis cross may mature. 
Although none of these hybrids have so far proved themselves to be fertile, 
some of them may be so. Despite these possibilities, however, such hybrid 
males are sterile in an evolutionary sense in any environment where the 
two species undergo seasonal fluctuations in numbers. In Virginia, for example, 
such males would not mature until long after breeding females have ceased 
to exist as such in the field. Even if all such hybrid males were to mature 
simultaneously and all prove to be fertile, they would leave no offspring if 
there were no females present with whom they could mate. Unless they were 
able to survive winter conditions they would all be dead before breeding 
females were again present in the field. Even if a few such males should mature 
during the following spring or summer and mate successfully with certain 
females the fertility of this class of males as a whole would be negligible, for 
it is certain that the vast majority would either mature at the wrong time or 
die during the winter. Seasonal fluctuations occur even in equable climates 
like that of Jamaica, where winter does not exist. It is therefore extremely 
unlikely that assimilis and rubens would lose their specific identities even if 
rubens were to be introduced into Jamaica in huge numbers. 

Similarly, assimilis X pennsylvanicus hybrids should fail to form an effec- 
tive bridge for gene interchange between the two species in nature. Even if 
these hybrids should prove to be fully fertile, and even if all their descendants 
are equally fertile in the laboratory, it is highly unlikely that the assimilis 
genotype, which has been adjusted to survival in Jamaica, could co-operate 
for long in nature with the pennsylvanicus genotype, which is adjusted to 
survival in northern regions through periods of sub-zero temperatures. 

Developmental rates are of great evolutionary importance in species with 
distinct breeding seasons and short-lived adults. The developmental rate 
of each such species is adjusted to the seasonal rhythms of food supply and 
adverse conditions of the environment in which it lives. Different species are 
often adjusted in different ways for survival in the same environmental con- 
ditions. In Virginia, for example, where rubens, NSS, and pennsylvanicus 
are sympatric, rubens is bivoltine and overwinters chiefly in the nymphal 
stage, NSS also overwinters in the nymphal stage but is univoltine, and 
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pennsylvanicus is also univoltine but overwinters in the egg stage. These char- 
acteristics are probably determined, in each species, by the action of a number 
of different genes, and the combination in hybrid individuals of these two 
different constellations of genes will tend to make it impossible for either to 
be expressed effectively. Due to the high adaptive value of the developmental 
adjustment of each species, intermediate developmental rates will tend to 
have lower adaptive values (hybrids will be at the wrong stage at the onset 
of winter for example). Selection against intermediate developmental rates 
will thus tend to be rigorous. Furthermore, disruption of the finely adjusted 
sequence of developmental phenomena in either species will tend to produce 
malformed or otherwise inviable individuals. It is not surprising, therefore, 
to find that the first distinct sign of genetic incompatibility to appear in these 
hybrids concerns developmental phenomena. It is also interesting to note 
that NSS and pennsylvanicus, the most similar of the four species in song and 
morphology, are the most different in developmental characteristics—and 
also appear to be the most effectively isolated. It is possible that differences 
in developmental phenomena may reflect divergence toward speciation, or 
the completion of speciation, more accurately than characteristics such as 
color, wing length, etc., and this should be borne in mind when attempts 
are made to solve taxonomic problems at the species level. 

The species that produced the most hybrid offspring in the laboratory 
differed the most in song. This might suggest that song is not important 
in reproductive isolation. It must be borne in mind, however, that laboratory 
conditions were unnatural, as outlined above, and also that rubens and asst1- 
milis are allopatric. The assimilis chirp is not heard in Virginia and the rubens 
trill is not (to my knowledge) heard in Jamaica. Females of neither species 
have been conditioned through natural selection to avoid the song of the other 
species. The failure of assimilis and NSS to produce hybrids must be due to 
some isolating factor other than song, for copulation was observed to occur. 
It is possible that some factor producing hybrid inviability may exist between 
these species. The two species with identical songs (NSS and pennsylvanicus) 
appear to be the most effectively isolated, even in laboratory crosses. In 
nature the difference in their breeding seasons prevents large-scale inter- 
breeding and also inhibits the production of song differences through the 
action of natural selection; most NSS females will die before pennsylvanicus 
males are mature and most NSS males will be dead before pennsylvanicus 
females mature. Song differences are not required in such cases for the pre- 
vention of interbreeding. 

Song differences are most likely to be due to natural selection in the case of 
sympatric species with similar breeding seasons, that is, where males and 
females of both species are breeding simultaneously in the same habitats. 
In such cases the risk of a wastage of gametes through outcrossing is high. 
Males of each species with the most distinctive songs, and females that 
respond to these songs, will tend to produce larger proportions of succeeding 
generations; those females which respond to the song of the other species, and 
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those males whose song is most like that of the other species, will tend to pro- 
duce fewer viable offspring, and their characteristics will tend to disappear. 
Obviously, this can happen only when opportunities to outcross are many. It 
has apparently happened between rubens and NSS (which breed in the same 
fields in the spring) and also between rubens and pennsylvanicus (which breed 
in the same fields in the late summer). If the songs of both NSS and pennsyl- 
vanicus have not changed since their origin from a single ancestral species 
either the song differences had already evolved between that species and 
rubens before speciation took place, or else the song of rubens did all the 
diverging. 

The distinct song differences between assimilis and all three continental 
species have probably come about through random divergence during spatial 
isolation. Random divergence, then, appears to be as effective as natural 
selection in the creation of song differences, though it may require longer 
periods of time. 

Of the species tested, the two with the most different songs are allopatric 
and produced the most hybrids; the two with identical songs are allochronic 
and appear to be the most effectively isolated. Song could have had little 
effect either in preventing laboratory interbreeding in the one case or inducing 
it in the other. 


Conclusions 


The speciation process has been completed between all four of the species 
tested, but it has not proceeded far beyond the point where hybrids can no 
longer form an effective bridge for gene interchange. Certain rubens genes, 
affecting rate of development and present on the X chromosome, do not 
function normally in the presence of either assimilis or NSS autosomal genes. 
These rubens genes are recessive to the corresponding X chromosome alleles 
of both assimilis and NSS. This single incompatibility is sufficient to ensure 
hybrid breakdown, and the possibility that numerous other incompatibilities 
may appear as a result of homozygosity in backcross and Fy, individuals 
renders hybrid breakdown even more certain. Even those species which pro- 
duced hybrids in the greatest numbers are, therefore, reproductively isolated 
in the taxonomic sense, and those species which failed to interbreed in the 
laboratory are even less likely to interbreed in the field. 

The song of male crickets is a complex character made up of several com- 
ponents, not all of which are determined by the same sets of genes. Song 
divergence may or may not take place in the course of speciation, depending 
on whether or not recognition factors are required to prevent gamete wastage 
through outcrossing, and on whether or not random divergence occurs. 

Embryonic diapause in pennsylvanicus eggs is determined by the genotype 
of the embryo and not by cytoplasmic or yolk constituents. 

Interspecific Acheta hybrids offer a promising medium through which to 
study the microtaxonomy, genetics, physiology, and evolution of Acheta 
species. 
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EFFECT OF BACTERIA ON RADIOPHOSPHORUS METABOLISM 
IN YEARLING SALMON, SALMO SALAR L.! 


P. N. SRIVASTAVA? 


Abstract 


The effect of bacteria on radiophosphorus and its metabolism in organic and 
inorganic forms was studied in yearling salmon, Salmo salar L. The fish absorbed 
39.6% of P® from aquaria to which the antibiotic tetracycline was added because 
bacteria were inactivated and the added P® remained in inorganic form. In 
controls, where bacteria either ingested or transformed three-fifths of the P* 
into organic phosphorus, the fish utilized 27.5%. The turnover time was slower 
in controls than in treated fish. In a second experiment fish were maintained in 
exclusively organic or inorganic P® and those in the latter utilized phosphorus 
more readily (43.0%) than fishes maintained in organic P® (24.5%). Turnover 
time for fish in organic phosphorus was also slower than for inorganic. The 
conclusion is that fishes select inorganic rather than organic salts but if they are 
forced to remain in the latter, they can absorb them at a reduced rate. 


Introduction 


Phosphorus is one of the most important minerals required by the fish. 
The level of inorganic phosphorus in lakes is usually very low. When the 
concentration of phosphorus is increased in water the absorption of calcium 
by the fish also goes up. This increases the importance of phosphorus. Approxi- 
mately 90% of phosphorus present in the body of a fish is found in the skeleton. 
The remaining 10% is chiefly intracellular and plays a major role in the 
energy transfer mechanisms associated with cell metabolism. The reservoir 
of phosphorus in the skeleton is of great importance in maintaining adequate 
levels of this element in the tissues. Since the discovery of radioisotopes, the 
study of mineral metabolism has become easier and more reliable, but, 
surprisingly, not many papers have been published dealing with this topic in 
fishes. Hevesy (11) gives a brief account of the rate of renewal of the mineral 
constituents of the skeleton of the fish, which in 1 month was less than 5%. 
Hayes and Jodrey (12) studied the utilization of phosphorus in trout by 
injecting radiophosphorus and concluded that peaks in P*® concentration 
appeared in all tissues usually within 1—2 hours after injection. The probable 
cause was attributed to flooding of spaces between the cells with the newly 
added phosphorus. When the trends became stabilized the specific affinities 
were in the following order, bone (highest), followed by liver, stomach, 
heart, and muscle. Borough, Townsley, and Hiatt (3, 4, 5) have shown that 
marine fish can take up calcium directly from sea water and do not need a 
dietary source of this element. Furthermore, marine fish discriminate against 
strontium in favor of calcium. Borough, Chipman, and Rice (6) compared 
the metabolism of strontium in fast-swimming pelagic fish with sluggish 
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bottom-feeders and concluded that in the former the excretion of strontium 
is very rapid. Studies on the various aspects of iodine metabolism in relation 
to the thyroid gland have shown that in respect to the iodine compounds 
formed and the order of their appearance thyroid function in fishes resembles 
that of higher vertebrates (1, 7, 8, 9). 

Krumholz, Goldberg, and Borough (18) while working on the ecological 
factors involved in the uptake, accumulation, and loss of radionuclides by 
aquatic organisms, including fishes, have stressed the desirability of inves- 
tigating the mechanism by which radioactive elements pass through the 
membranes and where and how these elements are concentrated in the tissues. 
In ordinary lake or tap water, when P® is added in inorganic form, a con- 
siderable portion is converted to the organic state and a condition of equi- 
librium is reached in a day (10, 15). The present work was undertaken to 
study the assimilation of radiophosphorus in organic and inorganic forms 
by fish. Bacteria and antibiotic tetracycline were used respectively to promote 
or inhibit the formation of organic phosphorus. 


Material and Technique 


By the courtesy of the Canadian Fish Cultural Development Branch, 
yearling salmon, Salmo salar L., were brought from the Grand Lake rearing 
ponds and placed in a temperature control room at 10+1° C, where they were 
given 2 days to settle down to the conditions of the laboratory. The experi- 
mental aquaria were in two sets, to one of which the antibiotic tetracycline 
was added (0.1 g per liter) and left for 4 hours so that the bacteria would 
be inactivated. This strength of tetracycline was enough to suppress the 
bacteria for at least a week (15). Radiophosphorus was then added to both 
sets so as to give an activity of 2100 c.p.m. per ml. After 2 hours fishes which 
were roughly of the same size and weight (approximately 15 g) were put into 
both sets. All the aquaria were well aerated and no mortality occurred through- 
out the experiment; hence it is assumed that tetracycline had no adverse 
effect on the fish. The fish were starved during the experiment. Carrier-free 
P® was received from the Atomic Energy of Canada, Ltd. in the form of 
H;PO, in dilute HCI. Tetracycline was very kindly donated by Chas. Pfizer 
and Company. 

From each of the sets, henceforth called control and treated (with antibiotic), 
four fishes were taken out after 1, 2, 4, 8, 16, 24, 48, 72, 96, 120, and 144 hours 
and various tissues were prepared for counting the activity of P®*. For digestion 
of liver, kidney, muscles, brain, and heart, 1.0% solution of ‘pancreatin’ 
(3 X U.S.P. potency, Nutritional Biochemical Corp.) was prepared and one 
drop of phenolphthalein indicator added. Then 2% solution of sodium bicar- 
bonate was added drop by drop till a light pink color was produced. Tissues 
were digested in this for 24 hours in a moist chamber to prevent evaporation 
at 38°-40° C. Bone was digested in 0.75% commercial ‘pepsin’ in 0.4% HCl 
in the same way as other tissue. After digestion was completed, the tissues 
were slowly dried to a uniform layer and the activity of P® was counted. 
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Activity per gram was calculated after the background count was deducted. 
All the readings were corrected for decay and were standardized according 
to uranium standard readings. 


Results and Conclusions 


Figure 1 shows the rate of uptake of P® by various tissues. In the initial 
stages, up to about 24 hours, the uptake of phosphorus in the treated and 
control was indistinguishable. Harris (10) has shown that when P® is added 
to the aquarium in the presence of bacteria, the inorganic phosphorus declines 
on the first day and approaches an equilibrium with the organic after about 
24 hours. The present work (Fig. 3) shows that when fishes are put into 
exclusively inorganic or organic P®, there is a marked difference in the uptake 
even in the first 24 hours. 
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Fic. 1. P® uptake in bone, kidney, liver, muscle, heart, and brain. Each point repre- 
sents the average of four fishes. Solid circles and triangles depict the uptake of treated 
group, and hollow circles and triangles indicate the control. 


After 24 hours, the uptake increases in the treated fish so much so that at 
144 hours bone has an activity of 4164 c.p.m. per g whereas in the control it is 
only 2732. Similar ratios hold for other tissues. Furthermore, it can be noticed 
that once radiophosphorus enters the body of the fish, its distribution is the 
same in both sets of experiments, bone taking up the maximum followed by 
liver, heart, kidney, muscles, and brain. 

Loss of radiophosphorus activity from water was also studied in both sets, 
and Fig. 2 shows that in the treated aquaria the loss was more than the 
control, which is consistent with the higher uptake by the fishes in this set. 
At termination, 144 hours, the antibiotic-treated aquaria had lost 39.6% 
of P®?, presumably to the fish, and the controls had lost 27.5%, some of which 
may have gone to sessile bacteria on the sides and bottom. 

The turnover time, which may be defined as the time required to renew 
completely the amount of a substance present in the tissues, is calculated 
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Fic. 2. Loss of radiophosphorus activity from the aquaria of treated and control sets. 
Solid circles indicate the treated group, and hollow circles control. Each point is the 


average of five readings. 


by plotting the log activity of the tissues against time, drawing the best slope 
of the line, and then calculating by the formula 
tz = (log. X t)/(log A: — log Ao) 
where ¢; is the turnover time, log A; is the log activity at time ¢, and log Ap is 
the log activity at time zero. For comparing the two sets of experiments, 
turnover time for bone was calculated and it came to 14.4 hours in treated and 
19.9 hours in control. The general turnover time of radiophosphorus for water 
and fish was calculated from the loss of P*® activity (Fig. 2) in the aquaria, 
by the method of Hayes e¢ al. (13). First the raw data are set down. The activity 
is supposed to reach a final value of equilibrium, say B, which is subtracted 
from each of the raw data. The resulting figures are plotted on semilog paper. 
If the plot is a curve sloping to the right a larger B value is chosen for the 
next attempt; if to the left, a smaller value. When a straight line is obtained, 
the slope constant, k, and intercept constant A, are calculated. Then 
A/B=\+u 
where J is the rate at which phosphorus is taken up by the fish and yp is the 
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rate at which it is returned to the water. The turnover time, ¢;, for water would 
be 1/A and for fish 1/u. The derivation of the formula is given by Hayes 
et al. (13). The turnover time for water and fish came to 116.1 and 54.7 hours 
in treated and 142.2 and 71.4 hours in control respectively. About these 
values two points should be noted. First, the turnover times for water depend 
on the volumes of the aquaria, hence are of interest only to compare with 
one another. Second, as above-noted, it may not be correct to credit all the 
water loss of P® in the control set to the fish; some may have gone to bacteria. 
Any such effect would make 71.4 become larger, hence strengthen the 
conclusion drawn. 

Krogh (16, 17) showed that fish selectively absorb inorganic salts from water 
and selectively concentrate them in various tissues. Available data indicate 
that fresh-water fish do not swallow water, nor selectively absorb salt through 
their skin but do carry on salt exchange across the gills (20, 21). On the basis 
of the study of the branchial epithelium of a large number of fishes, Bevelander 
(2) has postulated that there are no special secretory or absorbing cells present 
in the gills, but that the respiratory epithelium itself is admirably suited to 
effect the exchange of material between the gills and the surrounding medium. 

Hayes and Phillips (15) have shown that in the absence of bacteria, 
Sphagnum took up 97% of radiophosphorus from the water within half a day 
whereas in the presence of bacteria 50% of phosphorus remained in the water 
after 5 days. This happens because bacteria hold such large quantities of 
phosphorus in their cell bodies. A second cause is the production of soluble 
organic radiophosphorus, which the plants cannot assimilate. The fishes, as 
the above experiments indicate, absorbed more from the aquaria which had 
all the phosphorus in inorganic form. In the control, where three-fifths of 
phosphorus was ingested or transformed into soluble organic form by the 
bacteria, the uptake was low. The question which still remains unanswered 
is whether the fish can absorb radiophosphorus in organic form or not. 

Further experiments were set up to find out the relationship between 
radiophosphorus assimilation in exclusively organic and inorganic states. 
A large quantity of P® was put in the aquaria and left for a fortnight. The 
water was then passed a number of times through a demineralizer till the 
ionic phosphorus was completely removed. To test the water for the presence 
of inorganic P*, it was allowed to react with ammonium molybdate under 
acid conditions which permit the formation of phosphomolybdate without 
the formation of silicomolybdate from any silicic acid present (22). The 
phosphomolybdate complex was then reduced by stannous chloride and no 
color change appeared. (In the presence of inorganic phosphorus the solution 
would have turned blue.) A further test for possible inorganic portion of P® in 
water was made by using a modification of the method developed by McCarter 
and Steljes (19). One milliliter of water was placed in a vial containing 10 ml 
of 10% trichloroacetic acid. The mixture was temporarily stored in a frozen 
state. Later it was allowed to melt at room temperature and sufficient volume 
of KH:PO, solution was added to bring the total phosphorus in the sample 
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to 1.0-1.2 mg. One milliliter of 60% perchloric acid and 1 ml of saturated 
NH,NO; solution were added and the mixture was then agitated and placed 
in a water bath at 80° C for 10-15 minutes. Five milliliters of molybdic acid 
reagent (Willard and Diehl (23)) was added slowly to the above solution with 
agitation. The tubes were allowed to stand at room temperature overnight. 
A trace of precipitate was found to float on the surface of the liquid and this 
was sunk by the addition of ethyl alcohol. After the precipitate had been 
collected by centrifugation it was washed twice in 10-ml portions of 1:50 
nitric acid, and the supernatant fluids discarded. The precipitate was then 
dissolved in a few drops of concentrated NH,OH and the solution poured 
into a metal planchet. The vial was carefully rinsed with two 0.5-ml portions 
of concentrated NH,OH and these rinse solutions were also poured into the 
planchet, which was then dried and the radioactivity measured. It was 
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Fic. 3. Loss of radioactivity in the two sets of aquaria with organic and inorganic P®. 
Each point represents the average of five readings. All aquaria were treated with tetra- 
cycline so that no bacterial action could take place. The loss from water (hence presumed 
uptake by fish) at, say, 144 hours is derived from the initial value of 2000 c.p.m. and the 
final value of 1510 for organic and 1140 for inorganic. The organic per cent loss is 
100—(100 X 1510)/2000 = 24.5%. Similarly the inorganic loss is 43.0%. 
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After the elimination of inorganic phosphorus the water was passed through 
molecular filters, trade name ‘Millipore’, which removed the bacteria so that 
the P* left in water was exclusively in organic form. In other aquaria inorganic 
P®? was put in and tetracycline was added to both the sets to suppress bacterial 
effects. The radioactivity in both sets was brought to 2000 c.p.m. per ml. 
Thirty fishes were then put into each set of aquaria, and maintained in a 
constant temperature room at 10+1° C without feeding. 

Figure 3 shows the decline of the radioactivity of P® in both sets. In 144 
hours, fish absorbed 24.5% of radiophosphorus in organic form and 43.0% 
in inorganic form. The turnover time for water and fish respectively came to 
156.0 and 82.6 hours with organic and 107.5 and 51.8 hours with inorganic. 
The conclusion reached is that inorganic salt molecules pass more easily 
through the respiratory epithelium of the gill than do organic molecules. If 
fish are confronted exclusively with the organic phosphorus compounds, they 
can absorb them, although more slowly than inorganic. In this way they 
differ from plants, which, as already mentioned, appear unable to take up the 
organic material. 
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GROSS ANATOMY OF THE NERVOUS SYSTEM AND 
RETROCEREBRAL COMPLEX OF ADULT 
LIOCORIS UNCTUOSUS KELTON (HEMIPTERA:MIRIDAE)! 


A. B. EWEN 


Abstract 


The gross anatomy of the central nervous system and retrocerebral complex of 
adult Liocoris unctuosus is described and figured. There are three ventral ganglia; 
the suboesophageal and first thoracic ganglia are separate, while the second and 
third thoracic are fused with the abdominal ganglia into a common center. 
Innervation of the reproductive organs in the male is described. The retrocerebral 
complex consists of the hypocerebral ganglion, paired corpora paracardiaca, 
and a single corpus allatum, and their associated nerves. 


Comparative studies of the hemipteran nervous system (1, 6) and other 
studies of the insect nervous system (4, 7, 9) have provided little information 
on the nervous system of the Miridae. Nabert (5) did not include the Miridae 
in his study of the corpora allata, and Cazal (2) mentions them only briefly 
in his report on retrocerebral endocrine systems. 

A description of the gross anatomy of the central nervous system and the 
retrocerebral complex of adult Liocoris unctuosus Kelton is presented. It 
includes the anatomy and relationships of the glands, ganglia, and nerve 
trunks. Main nerve branches were traced to the areas that they supply, but 
tracing of finer branches was not usually attempted. Terminology employed in 
the description of the gross anatomy of the central nervous system is based 
on Snodgrass (7); terminology of the retrocerebral complex is after Cazal (2). 


Materials and Methods 


The nervous system was studied in freshly killed insects chiefly, because 
the nerves were more flexible than in preserved material and thus could be 
handled more without breaking. These were usually dissected in an insect 
Ringer’s solution (3). Material fixed in Bouin’s solution was dissected in 70% 
ethyl alcohol. Methylene blue was applied with a fine pipette or syringe to the 
area under examination, allowed to act for a few seconds, and then rinsed 
away. This stain showed smaller nerves against the whitish tissues of the 
freshly killed insect much more clearly than did Delafield’s haematoxylin or 
Luxol fast blue. 

For examination of the retrocerebral complex, adults were preserved in 
Bouin’s or Helly’s fixative; the body was divided just behind the prothorax, 
and the hard mouth parts were cut away to allow the fixing solution to pene- 
trate from two directions. After it was washed the material was embedded in 
56-58.5° C m.p. paraffin wax, and sections were cut at 7-9 yw. Sections were 
stained with Heidenhain’s Azan. 
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Results 


Imms (4) reports that the nervous system in Hemiptera exhibits considerabie 
concentration, with thoracic and abdominal ganglia to a large extent fused. 
The present study revealed three ventral ganglia in L. unctuosus. The sub- 
oesophageal and first thoracic ganglia are separate, while the second and 
third thoracic are fused with the abdominal ganglia into a common center 
(Fig. 1). 

Nerve branchings from these ventral ganglia were traced in the thorax of 
both male and female specimens, and the gross innervation of the reproductive 
system was traced in the male. The nerve supply to the gonads in the female 
was not traced because of the very extensive fat body. 

No differences between sexes were seen in branchings of the thoracic nerve 
trunks. The prothoracic ganglion, lying between the front legs, has two main 
nerves (Fig. 1). The anterior nerve leads forward and upward to supply the 
musculature of the neck region; the posterior nerve enters the prothoracic 
coxa and innervates the muscles of the prothoracic leg and the body wall at its 
base. Generally these two nerves come from the ganglion as a common stalk 
which later branches, but they often originate separately. 

The remaining thoracic and abdominal ganglia are fused into a common 
center lying in the meso- and meta-thorax. Nerve branchings are shown in 
Fig. 1. Nerves supplying the large flight muscles originate from the anterior 
half of the ganglionic complex. There are usually four main branches of these. 
Their origins differed considerably among the specimens examined; from two 
to four separate origins were seen. Two main trunks from the sides of the 
ganglion supply the meso- and meta-thoracic legs. The anterior of these two 
enters the mid-coxa and also supplies the body wall at its base. The posterior 
trunk has two main branches, one to the body wall region at the bases of the 
meso- and meta-thoracic legs, and the other entering the hind coxa directly to 


Fic. 1. Thoracic nervous system of Liocoris unctuosus, ventral view. 1, 2, 3, AbNuv, 
nerves to first, second, and third abdominal segments; HZg Nv, metathoracic leg nerve; 
MLgWNv, mesothoracic leg nerve; MNv, median nerve; NMuWNv, neck muscle nerve; Phy, 
pharynx, ProGng, prothoracic ganglion; ProLgNv, prothoracic leg nerve; SoeGng, sub- 
oesophageal ganglion; ThAbGng, thoracoabdominal ganglion; ThFINv, thoracic flight 
muscle nerves. 

Fic. 2. Abdominal nervous system of Liocoris unctuosus male, ventral view. 1, 2, 3, 
AbWNv, nerves to first, second, and third abdominal segments; AcG/, accessory gland; 
EjD, ejaculatory duct; MNv, median nerve; ThAbGng, thoracoabdominal ganglion; 
VDef, vas deferens. 

Fic. 3. Head nervous system of Liocoris unctuosus, ventral view. Ao, aorta; Ant, 
antenna; AntNv, nervus antennalis; 1 Br, protocerebrum; 3 Br, tritocerebrum; CN2z, 
cervical nerve; CoeCon, circumoesophageal connective; FrGngCon, frontal ganglion con- 
nective; LmFrwNv, nervus labrofrontalis; Lb Nv, nervus labialis; LmNv, labral nerve; Md, 
mandible; MdNv, nervus mandibularis; MxNv, nervus maxillaris; OpL, optic lobe; Phy, 
pharynx; SoeGng, suboesophageal ganglion. 

Fic. 4. Head nervous system of Liocoris unctuosus, dorsal view. AntNv, antennal nerve; 
Ao, aorta; 1 Br, protocerebrum; 2 Br, deutocerebrum; FrGng, frontal ganglion; Oées, 
oesophagus; Oes Nv, oesophageal nerve; OpL, optic lobe; ProGng, prothoracic ganglion; 
SoeGng, suboesophageal ganglion. 

Fic. 5. Retrocerebral complex of Liocoris unctuosus, dorsal view. Ao, aorta; 1 Br, 
protocerebrum; CA/, corpus allatum; CPar, corpus paracardiacum; HyGng, hypocerebral 
ganglion; OesNv, oesophageal nerve; ParNv, nervus corporis paracardiaci; Rec Nv, recur- 
rent nerve. 
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supply muscles of the metathoracic leg. These two main trunks always had 
separate origins. Three pairs of small nerves and one large median nerve 
emerge from the posterior half of the ganglionic complex (Figs. 1, 2). The 
former supply the musculature of the first three abdominal segments, and 
also branch over the gut; the latter supplies small branches to the body wall 
of succeeding segments and the intestine. In the male, five or six pairs of 
nerves from the median nerve innervate the testes, vasa deferentia, and acces- 
sory glands. The median nerve terminates in three large branches, which 
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ramify over the ejaculatory duct and the bases of the accessory glands and 
vasa deferentia (Fig. 2). There are also considerable differences between 
individuals in the manner in which these nerves branch. Anastomoses are not 
uncommon, but the ultimate destination of the fibers appears to be the same 
in all individuals. 

The prothoracic and suboesophageal ganglia are quite distinct though 
they are connected by a short, thick trunk (Fig. 1). The suboesophageal 
ganglion lies in the head—neck region and is somewhat smaller than the pro- 
thoracic ganglion. The suboesophageal ganglion innervates the mandibles, 
maxillae, and labium, and also sends some fibers (Fig. 3, CNv) to the neck 
muscles. A hypocerebral nerve was not seen. The circumoesophageal con- 
nectives are short, stout trunks, from the anterior surface of the suboesophageal 
ganglion to the tritocerebrum. In ventral dissections, the small nervus labro- 
frontalis, which branches into the frontal ganglion connective and the labral 
nerve, can be seen arising anteriorly from the tritocerebrum (Fig. 3). 

The brain is a medium-sized, compact mass lying in the posterior part of the 
head (Fig. 4). The protocerebrum and optic lobes make up its greater part, 
but the deutocerebrum and tritocerebrum can still be recognized as distinct 
lobes. The optic lobes are only slightly narrowed at their bases and the optic 
nerve is very short and stout. There are no nervi ocellarii. Arising from the 
posterior surface of the protocerebrum, toward the median line, are the short, 
thin nerves to the corpora paracardiaca (Fig. 5). 

Antennal nerves are the only nerves given off from the deutocerebrum in 
insects. In L. unctuosus, these are narrow stalks, arising anteriorly and pro- 
ceeding forward and laterad to the antennae (Figs. 3, 4). 

The labrofrontal nerve arises anteriorly from the tritocerebrum. It divides 
into a frontal ganglion connective, which passes anteriorly and medially to the 
small frontal ganglion, and a labral nerve to the labrum (Fig. 3). The latter 
also supplies branches to the clypeus and frons. 

Other nerves from the brain were not seen. 

The frontal ganglion, joined by the labrofrontal connectives to the trito- 
cerebrum, is slightly anterior to the brain, on the anterodorsal surface of the 
pharynx. The ganglion is quite small, and roughly triangular in shape, with 
the apex of the triangle continued posteriorly as the recurrent nerve (Figs. 4, 
5). The latter extends along the dorsal wall of the pharynx, passing under the 
brain (Fig. 5). Where it emerges at the back o/ the brain, it is located between 
the pharynx and aorta. A short distance behind the brain the recurrent nerve 
swells slightly to form the hypocerebral gangiion, which continues along the 
oesophagus as a single median oesophageal nerve (Fig. 5). 

Cazal (2) uses the term ‘‘retrocerebral glands” to designate the ensemble of 
corpora paracardiaca and allata, and the term ‘‘retrocerebral complex’’ for 
the ensemble of retrocerebral glands, their nerves, and the hypocerebral 
ganglion. He also proposes the term “corpora paracardiaca”’ for the corpora 
cardiaca (pharyngeal bodies, aortic bodies) of other authors. The term para- 
cardiaca for these bodies is certainly more appropriate, since their connection 
with the heart is entirely secondary (8). Retrocerebral glands in L. unctuosus 
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consist of the paired corpora paracardiaca and single corpus allatum (Fig. 5). 
A single corpus allatum has been found in several Gymnocerata, including 
Pyrrhocoris apterus and Gerris lacustris (5), Rhodnius prolixus (10), and 
others (6). In contrast the allata are paired in the Cryptocerata (5). 

Because the brain occupies the posterior part of the head in L. unctuosus, 
the retrocerebral glands and the hypocerebral ganglion are in the neck region 
(Fig. 5). The corpora paracardiaca are lateral, subaortic bodies, fused along 
their posteromedian sides. They enclose, anteriorly, the hypocerebral ganglion. 
The latter is very small and appears only as a slight swelling in the recurrent 
nerve. No distinct commissures were seen between the hypocerebral ganglion 
and the paracardiaca, and it seems that this ganglion is in intimate contact 
with the paracardiaca on each side. The nervi corporis paracardiaci, attached 
anteriorly to the corpora paracardiaca, are distinctly free from the aortic 
wall throughout their entire length. Each is formed by two very small branches, 
the nervi corporis paracardiaci interna and externa, which emerge from the 
posterior border of the brain near the median line. These two small nerves 
unite near their points of emergence from the brain, so that they appear as a 
single nerve throughout almost their entire length (Fig. 5). The ‘‘nerf laterale’’, 
described by Cazal (2) in other Gymnocerata as branching from the para- 
cardiacal nerve, was not seen. 

The corpus allatum lies directly behind and slightly ventral to the corpora 
paracardiaca. It is of a moderate size and applied so closely to the back of 
the paracardiaca that the allatal nerves are not evident. The structure of the 
allatum is similar to that described by many authors for other insects; it 
consists of uniform cells with large nuclei. The cells have a mainly peripheral 
distribution. In the center of the organ the cells are less dense with many 
vacuoles among them. 
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THE LARVAL DEVELOPMENT 
OF BRITISH COLUMBIA BRACHYURA 


II. MAJIDAE, SUBFAMILY OREGONIINAE! 


JOSEPHINE F. L. HART? 


Abstract 


The larval stages of two species of spider crabs from British Columbia are 
described from eggs hatched in the laboratory. Both Oregonia gracilis Dana and 
Hyas lyratus Dana were found to have two zoeal stages before the megalopal. 


Since the first section of this series was published in 1935 (2), little has been 
written on early life history of species of crabs found in British Columbia. 
Knudsen (3) described the larval stages of Lophopanopeus bellus diegensis Rath- 
bun. This subspecies also occurs in this area although it is apparently not 
yet recorded in the literature. L. bellus (Stimpson) is now known as L. bellus 
bellus (Stimpson) due to Menzies’ (5) revision of the genus. 

The methods of rearing described in section I (2) are still applicable, with 
the addition of the use of newly hatched brine shrimp (Artemia species) for 
food. Particularly for larger zoeae the easy availability of this living food 
and the convenience of its use have made the mechanics of laboratory rearing 
less onerous. 

In the illustrations, the zoeae are all drawn to the same scale, the megalopae 
to about one-half this magnification, and all the appendages about double 
this magnification. 

I wish to thank Mr. W. Egeland, commercial fisherman of Sidney, British 
Columbia, for his help in obtaining berried females for me at the critical 
point of their egg development. I am also indebted to the Provincial Museum 
for the use of microscopes and library facilities, and to my husband, Dr. G. 
Clifford Carl, for his constant help. 


Family Majidae 
SUBFAMILY OREGONIINAE 


The subfamily Oregoniinae was created by Garth (1) in 1958 to include the 
genera Oregonia, Hyas, and Chionoecetes. He removed these genera from the 
subfamily Pisinae because of adult morphological characters but he also 
appreciated the fact (1, p. 135) that the zoeae of these three are significantly 
different from those of other species whose life history is known. 

The zoeae and megalopae of both Oregonia gracilis Dana and Hyas lyratus 
Dana fit Lebour’s (4) characterization of the genus Hyas, but are separable 
from each other, and from descriptions of H. araneus Leach and H. coarctatus 
Leach by slight differences in size, color, and spinulation. 


‘Manuscript received January 16, 1960. 
*Present address: 410 Queen Anne Hts., Victoria, B.C. 
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Oregonia gracilis Dana 

In British Columbia, ovigerous females have been taken from March until 
September, but eggs ready to hatch have been obtained only in March and 
April. The eggs seen in late spring and early summer showed little sign of de- 
velopment, and few specimens have been examined during the winter months. 
The color of the eggs changes from orange-red to reddish brown and the 
eggs are about 0.5 mm in diameter shortly before hatching. 

After a typical prezoea, two zoeal stages and a megalopal were obtained 
from eggs hatched in the laboratory. The megalopae were obtained about 
four weeks after hatching. 


First Zoea (Figs. 1-10) 

First zoea (Figs. 1,2) 2.5 mm in body length and 3.5 mm from tip of dorsal 
spine to end of rostral. Very transparent except for large branched orange- 
brown chromatophores above lateral spines and behind base of dorsal spine. 
Ventral part of abdominal segments 3—6 orange-brown, as is a spot on distal 
part of bases of first and second maxillipedes. Internally, dark-brown patches 
between eyes, around digestive gland, and proximal part of intestine. Chitin 
of protopodite of antenna tinged with orange on distal half. 

All spines well developed and armed with fine spinules on distal two-thirds. 
Laterals large and at right angles to carapace (Fig. 2). Dorsal slightly longer 
than rostral. Four to six setae on lateral margin of carapace. Abdomen (Fig. 3) 
of five segments and telson. Each segment with a pair of setae near posterior 
margin, and lateral knobs on second and third segments. Well-developed 
spines on lateral posterior margins of third and fourth segments and small 
spine on fifth. Telson (Fig. 3) with large lateral spines, smaller dorsal, and 
three pairs of setae on internal margin. Forks long, slender, finely spiculate, 
and with upcurved tips. 

Antennule (Fig. 4) with two long aesthetes and one bristle. Antenna (Fig. 5) 
with elongate protopodite (only slightly shorter than rostral spine) and armed 
with numerous sharp spines which increase in size distally. Exopodite slender, 
less than one-half length of protopodite process, with two setae near sharp 
tip. Flagellum indicated by small knob. Mandible (Fig. 6) bilobed. Maxillule 
(Fig. 7) usually with seven bristles on each endite of protopodite, and joints of 
endopodite with one and six bristles. Maxilla (Fig. 8) with 8 setae on cox- 
opodite, 10 on basipodite, 6 on endopodite, and 10 on scaphognathite. First 
maxillipede (Fig. 9) with nine bristles on basis; three, one, one, two, and five 
on joints of endopodite; and four swimming hairs on exopodite. Second 
maxillipede (Fig. 10) with four on basis; one, one, and four on endopodite; 
and four swimming hairs. Remaining thoracic appendages are small and 
pleopods indicated only by slight swellings. 


Second Zoea (Figs. 11-14) 

Second zoea (Fig. 11) body length 4 mm and 5 mm between tips of rostral 
and dorsal spines. Color similar to that of first zoea. 

Rostral spine with a pair of sharp-pointed teeth (Fig. 12) on a ridge at base, 
dorsal to eyestalks. Number of plumose hairs on lateral margin of carapace 
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Fics. 1-14. Oregonia gracilis Dana. First ZokA: Fig. 1. Lateral view. Fig. 2. Anterior 
view. Fig. 3. Abdomen. Fig. 4. Antennule. Fig. 5. Antenna. Fig. 6. Mandible. Fig. 7. 
Maxillule. Fig. 8. Maxilla. Fig. 9. First maxillipede. Fig. 10. Second maxillipede. SECOND 
ZOEA: Fig. 11. Lateral view. Fig. 12. Base of rostral spine. Fig. 13. Sixth abdominal segment 
and telson. Fig. 14. Antenna. 
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increased to 15. Abdomen of six segments and telson (Fig. 13). Lateral posterior 
spines much longer; third and fourth longer than fourth and fifth segments, 
and fifth subequal to sixth segment. Four pairs of setae between forks on telson 
(Fig. 13). 

Antennule with base somewhat swollen and some indication of segmentation 
near tip; five to seven aesthetes. Antenna (Fig. 14) similar to that of first 
zoea but endopodite nearly as long as exopodite with some segmentation show- 
ing through integument. Mandible two-lobed and with undifferentiated palp. 
Maxillule and maxilla similar to first stage but larger and with more setae. 
Maxillipedes similar to first zoea except a few more bristles on bases and six 
swimming setae. 

Third maxillipedes and walking legs well developed before molting; endo- 
podite and exopodite of maxillipedes distinct, and chela and joints of legs 
clearly indicated. Pleopods well developed on second to sixth segments, 
decreasing in length posteriorly so that those on last (uropods) are small. 


Megalopa (Figs. 15-28) 

Megalopa (Fig. 15) 4.3 mm long, carapace 3.31.3 mm. Transparent with 
deep mahogany-brown patches covered with finely branched dark-brown 
chromatophores near surface of chitin. Most of carapace, mouth parts, bases 
of legs, and abdomen dark. Each leg appears banded because of brown chro- 
matophores on propodus and junctions between carpus and merus. Yellow on 
posterior part of carapace. 

Carapace (Figs. 15, 16) armed with spines. Sharp downward-pointed 
rostrum with a pair of setose spines anterior to eyestalks and another posterior. 
Anterolateral margin produced on each side into a very small tooth. Pair of 
small spines on lateral branchial region and a large medial spine near posterior 
margin. Abdomen composed of six segments and telson; first five segments 
subequal and sixth smaller. Telson without setae. 

Antennule (Fig. 17), antenna (Fig. 18), and mouth parts (Figs. 19-24) 
of adult type. Chelipeds stout; hands with tips of fingers (Fig. 25) curved 
and armed with flat teeth. First walking leg with scattered bristles and with 
a stout tooth on coxopodite and another on ischium; dactyl with a row of 
denticulate setae on inner margin and a slender tip curved to form a hooked 
claw. Remaining legs similar except tooth present only on coxopodite of 
second and third legs. Dactyl of fourth leg (Fig. 26) has no ‘feelers’, which are 
prominent modified setae characteristic of many megalopae. 

Four pairs of pleopods (Fig. 27) in addition to uropods; first three with 
three hooked setae on endopodites and fourth with two. Exopodites with 
14, 14, 12 (Fig. 27), and 10 plumose setae respectively. Uropods (Fig. 28) 
without endopodite; four plumose setae on exopodite. 


Hyas lyratus Dana 

In British Columbia, ovigerous females apparently occur every month of 
the year. Eyed eggs have been seen by the author only from November 
until March but freshly laid ova appear at this time as well as during the sum- 
mer. The evidence would indicate that the majority of the females laying 
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Fics. 15-28. Oregonia gracilis Dana. MEGALOPA: Fig. 15. Dorsal view. Fig. 16. Carapace, 
lateral view. Fig. 17. Antennule. Fig. 18. Antenna. Fig. 19. Mandibles. Fig. 20. Maxillule. 
Fig. 21. Maxilla. Fig. 22. First maxillipede. Fig. 23. Second maxillipede. Fig. 24. Third 
maxillipede. Fig. 25. Chela. Fig. 26. Dactyl of last leg. Fig. 27. Third pleopod. Fig. 28. 
Telson and uropods. 
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eggs during July and August carry them until they hatch in February and 
March, but more specimens obtained in the autumn and spring months would 
add to our knowledge of the duration of the incubation period. The eggs of 
ovigerous females kept under laboratory conditions, but at low temperatures, 
showed very slow development. During development the eggs change in color 
from deep yellow to dirty brown. 

There are a prezoea and two zoeal stages before the megalopa, which was 
obtained 5 weeks after hatching in the laboratory. 


First Zoea (Figs. 29-32) 

First zoea (Figs. 29, 30) 2.5 mm in body length and 3.5-3.7 mm from tip 
of dorsal spine to end of rostral. Transparent with a blue tinge to bases of 
antennae and telson, and bands of mahogany-red on chitin of antennae and 
tips of telson. Chromatophores of same color behind eyes, on dorsal part of 
first and second abdominal segments, and on ventral parts of fourth, fifth, 
and telson. Dark-brown pigment behind digestive gland, on mouth parts, 
and on distal part of bases of maxillipedes. 

The first zoea very like that of Oregonia gracilis differing mainly in color 
and pigment pattern, having stouter spinules on the carapace spines, larger 
spines on the fifth abdominal segment, and rostral spine subequal to antennae. 

Carapace with all spines present and well developed, each armed with sharp 
spinules on at least the second half of their length (Figs. 29, 30). Lateral margin 
of carapace with six plumose setae. A pair of setae on posterior margin of each 
abdominal segment, and lateral knobs on second and third (Fig. 31). Posterior 
lateral spines on segments 3 to 5; each almost as long as succeeding segment. 
Telson with slender up-turned tips, spiculate, and with large setiferous lateral 
and dorsal spines. Three pairs of median setae. 

The appendages are very similar to those of Oregonia gracilis differing only 
very slightly in proportions and numbers of setae. 


Second Zoea (Fig. 33) 

Second zoea (Fig. 33) body length 3.3 mm and 4.4 mm between tips of 
rostral and dorsal spines. Color similar to first zoea. Like first zoea but post- 
ocular teeth developed at base of rostrum. Usually 15 plumose setae on lateral 
margin of carapace. Abdomen divided into six segments and telson, with two 
pairs of setae on each segment. Lateral spines on segments 3-5 as long or 
longer than succeeding segments. Sixth segment short and without spines or 
setae. An additional pair of small setae medially on telson. Non-functioning 
appendages much as in second zoea of Oregonia gracilis. 


Megalopa (Figs. 34-38) 

Megalopa (Fig. 34), length about 4 mm and carapace 2.2 X1.5 mm. Trans- 
parent with patches of finely branched black chromatophores on mouth 
parts, coxopodites of all legs, sternum, abdominal segment junctions, and 
spreading from merus-carpus and propodus—dactylus junctions of every leg. 
Dorsally the black pigment can be seen through the transparent body. 








2 RE Renee os 


ae 


ee er ee 


ee 


nese eee 


HART: BRITISH COLUMBIA BRACHYURA. II 545 





Fics. 29-38. Hyas lyratus Dana. First ZogA: Fig. 29. Lateral view. Fig. 30. Anterior 
view. Fig. 31. Abdomen. Fig. 32. Antenna. SECOND zogEA: Fig. 33. Lateral view. 
MEGALopPaA: Fig. 34. Dorsal view. Fig. 35. Antenna. Fig. 36. Chela. Fig. 37. Dactyl of last 
leg. Fig. 38. Telson and uropods. 
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There is mahogany brown under the black on the legs and the last three 
abdominal segments, and yellow on the posterior part of the carapace vent- 
rally and laterally. 

Carapace with a somewhat undulate surface and a prominent knob between 
the postocular spines. Rostrum curves downwards and preocular spines up- 
wards. One stout posterior spine. Ocular spines armed with curved bristles. 
Abdomen with small sixth segment and telson (Fig. 38) unarmed. Small 
scattered setae on carapace and abdomen. 

Appendages very like those of Oregonia gracilis but antennule with setae 
differently placed, and antenna (Fig. 35) differs in proportion and in position 
of setae. Scaphognathite of maxilla larger and more setose. Chelipeds stout; 
fixed finger with flat teeth (Fig. 36). Legs differ only in that tips of dactyls 
(Fig. 37) are slightly curved and not hook-like. Pleopods similar but first pair 
may have 4 hooked setae on endopodite and up to 16, 14, 13, and 12 plumose 
setae on exopodites. Uropods (Fig. 38) with five (occasionally four) plumose 
setae on exopodite. 
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THE RESPONSE OF THE WHITE-PINE WEEVIL TO 
NATURALLY OCCURRING REPELLENTS! 


Joun M. ANDERSON? AND KENNETH C. FISHER 


Abstract 


The reactions of the white-pine weevil to air-borne repellents was studied in an 
olfactometer which, unlike other types, permitted a quantitative measure, 
capable of gradation, to be made of an individual’s response. Different conif- 
erous tree species supplied the odorous material in the form of essential oils 
extracted for use in these experiments by distillation from the bark. Degree of 
oil repellency and tree species were related. The response of any one individual 
tended to be consistent. Males and females responded equally to the repellents. 
The curve relating the response and the concentration of the repellent was 
similar to those generally describing the relation between stimulus strength 
and response. Adaptation to the repellent odors was clearly seen. From analysis 
of motion picture film it was apparent that repellent vapors affected weevil 
behavior so that the duration of activity periods was shortened although the 
rest periods remained constant. 


Introduction 


It has been recently shown by us that when ground up, the bark from species 
of trees seldom or only lightly attacked by the white-pine weevil, Pissodes 
strobi Peck, emits air-borne chemicals that have decidedly repellent effects 
on this animal (1). There appears in fact to be a rough correlation between 
the degree of weevilling seen in plantations of these trees and the repellency 
as measured in these experiments. The chemical nature of the naturally 
occurring repellents was not determined. It seemed likely, however, that the 
substances in question would be found in the essential oils which represent 
the volatile fraction of the oleoresins contained within the resin ducts of 
these trees. 

This paper deals with the extraction of the volatile oils from the various 
barks by distillation, and with the reactions of the adult weevil to the vapors 
of these oils. Our original olfactometer, which unlike more conventional 
models permitted a gradation in response of individuals to be obtained, has 
been used in a somewhat modified form. The results obtained by using the 
different oils are in general agreement with those obtained from the bark 
experiments. The present work has been extended to include some of the 
more fundamental problems of repellency, such as the relation between 
response and stimulus concentration, adaptation, and the probable location 
of the receptors involved. In addition motion pictures were taken of the ani- 
mals and from these a detailed analysis has been made of certain effects of 
the repellent vapors on the locomotion of the weevil. 
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Materials and Methods 
Organisms 

The adult weevils used were collected mainly from the leaders of infested 
white-pine trees in the early spring shortly after the insects had emerged 
from the ground following their winter’s dormancy. Towards the end of June 
heavily attacked leaders in which larval development was almost complete 
were cut and caged, and from these, weevils were obtained in the form of 
the newly emerged adults. Most of the insects were kept in cylindrical cages 
(15 cm long, 7.5 cm in diameter) made of nylon screening, about 50 animals 
per cage. The remainder were kept in much smaller, but otherwise similar, 
screened tubes, one insect per tube. Food was supplied every 7-10 days in 
the form of stout, fresh white-pine twigs. The cut ends were well coated with 
sealing wax which reduced desiccation of the food and also prevented the 
escape into the containers of the sticky oleoresins from the severed resin 
ducts. 

In some experiments insects without antennae were used. The antennae 
were removed 48 hours before the experiments were carried out by carefully 
snipping off the scape as close to the base as possible. The cut ends were 
sealed with parlodion (dissolved in a solution of equal parts of ether and 60% 
ethyl alcohol) which was applied with a fine paint brush. 


Plant Material and Distillation Method 

Branches in their second year of growth supplied the plant material (chrono- 
logically these correspond to the leaders upon which the weevils normally 
feed in the spring). All the needles were removed and discarded; the bark 
was then stripped off, cut up into small pieces, and put through a hand- 
powered grinding mill. The finely ground bark was immediately weighed and 
then added to a 12-liter distilling flask along with about 10 times the weight 
of the charge in water. The essential oils were obtained by slowly distilling 
at atmospheric pressure the bark—water mixture (cf. 4, 10). The vapors were 
directed to a cold-water condenser from which the condensate was conducted 
to a special oil separator where the essential oils, being lighter than water, 
formed a layer at the top of a long narrow neck. The aqueous distillate 
overflow was collected in a container and periodically returned to the dis- 
tilling flask. The distillation was carried on continuously for 8 hours, although 
it was noted that perhaps as much as 95% of the oils came over during 
the first half hour. At the end of a distillation run the collected oils were 
transferred to vials which were refrigerated at 4°C until required. 

The same tree species were used as in the earlier work. These were the 
native species, white pine, Pinus strobus L.; white spruce, Picea glauca 
Moench; black spruce, P. mariana Mill.; red spruce, P. rubens Sarg.; and the 
exotic species, Norway spruce, P. excelsa Link; Siberian spruce, P. obovata 
Ledeb; and P. asperata Mast., an Asiatic species which has no commonly 
accepted English name. The trees were in plantations, 10-15 years old at the 
Petawawa Forest Experiment Station, Chalk River, Ontario, where the 
distillations were carried out during June and early July. 
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Olfactometer 

The apparatus in which the response of the organisms was studied is a 
refinement of that used earlier (1). As shown in Fig. 1 it consists of two con- 
centric glass tubes of diameter 7.5 cm (A) and 5 cm (B) whose upper ends 
are open and whose upper edges are in the same plane surface. Across this 
end is stretched a piece of 35 mesh plastic (orlon) screen which forms the 
horizontal plane surface upon which the behavior of the animals is observed. 
The lower end of each tube narrows down into a glass funnel. The opening 
of each funnel is independent of the other, that of the inner funnel projecting 
through the wall of the larger outer funnel. Air is drawn up through the 
two glass tubes through an inverted funnel (C) so that there are two discrete 
air masses passing up through the reaction floor, an inner circular air mass 
surrounded by an outer annular air mass. The funnel rests in a mercury-filled 
circular plastic trough (D) which is sealed to the outer wall of the larger 
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Fic. 1. Diagram of olfactometer, main parts separated. The insects were observed as 
they moved about on a flat plastic screen through which passed two concentric air masses 
produced by two concentric glass tubes shown at (A) and (B). See text for explanation. 
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glass tube and which rests at its lower end on a wooden stand (E). Wooden 
walls extend upwards from this stand to provide a more uniform visual field 
than would otherwise be the case. The exhaust funnel (C) is easily removable 
and when in position in the mercury trough forms an airtight seal. Air is passed 
through the apparatus by applying suction to the exhaust funnel. The dis- 
creteness of the two air masses passing through the reaction floor is maintained 
for at least 2 cm above the floor itself. Mixing eventually takes place higher 
in the exhaust funnel and these vapors are passed directly to the out-of-doors. 

The test odors are added to the outer annular air mass by attaching the 
center funnel opening to a long glass tube (F), 65 cm long and 7 cm in diameter, 
which holds 800 glass marbles with a mean diameter of 14.4 mm (providing a 
surface area of about 53 square feet). The surfaces of the marbles are wetted 
with paraffin oil with which the essential oils are completely miscible. Control 
experiments are carried out by using paraffin oil without added essential oil. 
The rate of air flow through this glass tube, and hence around the marbles, 
can be regulated by stopcock ‘‘G’’ on the inlet. Tube ‘‘F’’ was provided with a 
water jacket (not shown in Fig. 1) by which it and the incoming air was 
kept at 25° C the temperature at which all experiments were made. 

A suction is provided by a motor-driven pump and the resulting flow of 
air is smoothed by a 2 gal jar (not shown in Fig. 1) in the air line between the 
pump and a flowmeter (H), the latter indicating continuously the rate of 
flow of air through the apparatus. The flow rates up the inner and outer 
channels were kept at 1.2 liters/minute and 1.5 liters/minute respectively. 
This provided a uniform velocity of 1 cm/second through all areas of the 
reaction floor. These rates were obtained before the experiment began by 
adjusting stopcock ‘‘G’’ to give 1.5 liters/minute up the outer channel while 
at the same time maintaining by manipulation of stopcock “I” an exhaust 
rate through funnel “C”’ of 2.7 liters/minute. By noting the response of ani- 
mals in tests in which the velocity of airflow up both channels was increased 
and decreased equally, it was indicated that the essential oil vapors passing 
up the outer channel were in equilibrium with the essential oils dissolved 
in the paraffin oil at the experimental rates of flow used. Since there was an 
equilibrium between the oil in solution and the oil in the air, the concentration 
of essential oil in the air would be proportional to its concentration in the 
solution. Variation of the concentration in air was therefore accomplished 
by variation of the concentration in the paraffin oil. 

For each separate experiment, the odor-supplying solution was made up 
by mixing together essential oil and paraffin oil (U.S.P. white oil petrolatum) 
to make a final volume of exactly 30 cc. The strength of these solutions is 
always expressed as a percentage by volume of the essential oils. To coat the 
800 marbles with the test solution, solution and marbles were mixed together 
in a 1-gal glass jar and shaken vigorously for 3 minutes. The solution-coated 
marbles were then put into the glass column, which was allowed to equili- 
brate at the standard temperature of 25°C for 3/4 hour before the actual 
experiment was begun. 




























ANDERSON AND FISHER: WHITE-PINE WEEVIL 


from two feet above. 


Results and Discussion 
Distillation Yields 

The yield of water-insoluble oil, expressed as a percentage weight of the 
green bark from which it came, is presented for each species in column 4 of 
Table I. The yields have been tabulated in increasing order of magnitude, 
from the lowest value of 0.11% for red spruce to 1.30% for white pine. The 
relative degree of repellency (high or low) of the vapors from the ground-up 
bark of each species as previously determined (1) is given in column 5 of the 
table. It is possible, of course, that degree of repellency and yield are directly 
related. It will be noted that as far as the spruce species are concerned, with the 
possible exception of red spruce, there is not a great deal of difference between 
the various yields. Even considering the differences which do exist, however, 


TABLE I 


Distillation yield and degree of repellency of bark vapors for each tree species 


Repellency of 


Bark weight Oil weight Yield vapors from 
Species (g) (g) % ground-up bark 
Red spruce 711.8 0.79 0.11 High 
Picea asperata 873.5 1.95 0.22 Low* 
Siberian spruce 857.0 2.07 0.24 Low* 
Norway spruce 1715.8 4.33 0.25 Low* 
White spruce 1299.8 3.53 0.27 High 
Black spruce 629.4 2.33 0.37 High 
White pine 2071.4 26.98 1.30 High 


_*The traversal times seen with the barks from these trees, though averaging greater than that of the control, 
did not differ from the control in the usual statistical sense. 


it can be seen that the yields for the low-repellency exotic spruces (Picea 
asperata, Siberian spruce, Norway spruce) are intermediate to those for the 
high-repellency native spruces (the yield for red spruce is less while that for 
white and black spruce is more). Moreover, the high degree of repellency of the 
native spruces is similar to that seen in white pine, although the yield character- 
istic of the former group is relatively low compared to that of the latter. 
It seems most unlikely then that there is a correlation between quantitative 
oil content as determined here and repellency as seen in our earlier experi- 
ments with ground-up bark. 


Characteristics of the Response 

In testing the response of the animals in the olfactometer, individuals were 
taken one at a time. The test was begun by lifting the funnel section of the 
olfactometer briefly and placing an insect upside down in the exact center of 
the reaction floor. After a delay of some seconds due to the time required for 
turning over, which was often added to by an easily elicited death-feigning 
reflex (this delay was useful in providing extra time for the re-establishment 
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The reaction floor was uniformly illuminated from two 60-w bulbs mounted 
in reflectors which were directed down, one on either side of the apparatus, 
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of uniform air flow before the animal began to crawl), the animal in control 
experiments would crawl in a relatively straight path, random in direction, 
towards the periphery of the reaction floor. The total time from the commence- 
ment of crawling taken to reach the periphery is called the traversal time. 
When a stimulus was present in the outer channel the animal would turn 
abruptly away from it several times before it finally entered the outer channel 
and crossed it to reach the periphery (as described in our earlier paper), 
thereby increasing the traversal time. Arbitrarily 480 seconds was taken to be 
the maximum allowable traversal time; any animal not having reached 
the edge of the reaction floor by this time was removed. In control experiments 
the mean traversal time was about 5 seconds and this value was obtained 
both when the air passing up the outer channel was untreated room air and 
when it was room air that had passed over the marbles coated with pure 
paraffin oil only. This is about one half of the control traversal reported 
in our earlier work because in the present apparatus the animals had a little 
less than one half as far to crawl in order to complete a traversal. 

The responses of 24 numbered animals to 1% white-pine oil were determined 
consecutively seven times. The mean traversal time and the corresponding 
range in the individual values have been calculated separately for each of the 
seven completed experiments and are shown in Table II. It is first of all 
apparent that the mean traversal times are considerably longer than the 
5 seconds obtained in the control experiments. Clearly the essential oils are 
affecting behavior. These results are similar to those reported in our earlier 
paper when the vapors from the ground-up bark of white pine were used and 
it can be concluded therefore that part at least of the effect of the bark vapors 
must be ascribed to materials obtained in our present extract. With regard 
to variability in response, an analysis of variance of these data shows that 
the variance between the different insects is nearly six times greater than the 
variance within the individual insects (F = 5.83, F.01 = 2.32); that is the 
variation from animal to animal is much greater than the variation within 
the seven values for each animal. Thus the relatively large range observed 
in the duration of the separate traversal times (3 seconds to 450 seconds) 


TABLE II 


Variation in traversal times* 





Consecutive Mean traversal time Range 





test number (sec) of 24 aniraals (sec) 
1 60.0 3-450 
2 38.5 3-450 
3 54.5 3-380 
4 61.9 3-424 
5 39.7 3-216 
6 82.8 3-395 
7 55:3 3-303 


*The mean traversal time, and the corresponding range of the individual times, has 
been calculated separately for seven consecutive experiments in each of which the 
same 24 animals were tested against 1% white-pine oil. 
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in each of the seven experiments is a reflection more of the variability between 
the individuals; or expressed another way, the response of an individual 
tends to be consistent. 

In the experiments reported above, air passed over the solution-coated 
marbles continuously for 12 hours. Since there appears to be no indication 
in Table II of a gradual decline in response, it can be concluded that exhaustion 
of the marbles did not occur in 12 hours. In none of the following experiments 
to be reported on was any mixture of marbles and odor-containing solution 
used for more than 3 hours. 

It was desirable to know if the response to the repellent vapors was in any 
way related to the sex of the animals. To test this, 102 numbered animals 
were first tested against 1% white-pine oil and then their sex was determined 
by internal inspection of the genitalia (6). The mean traversal times were 
68.7 and 61.0 seconds for the 44 males and the 58 females respectively. Accord- 
ing to a chi-squared test, the two sets of data are samples of the same popu- 
lation (P = .95). Evidently males and females respond equally to the repellent 
vapors. 


Response Related to Concentration of Stimulus 

Figure 2, curve A, shows the relationship between response and the con- 
centration of white-pine essential oil in equilibrium with the outer air mass, 
each point being the average of one determination on at least 20 different 
individuals. Clearly, as the concentration of the oil is increased the mean tra- 
versal time also increases, the relationship between these variables approxi- 
mating an asymmetric sigmoid curve. In general this is the relation which 
prevails between the magnitude of the response of any receptor system and the 
strength of the applied stimulus. The maximum value of the response for 
white pine is attained at an oil concentration of about 4.0%. However, it is 
necessary to point out that the higher values in these experiments may be 
somewhat artificial because of the time limit of 480 seconds which was arbit- 
rarily imposed for any one traversal. The proportion of the animals which 
took this maximum time increased from 2% at the 1% oil concentration 
level to about 65% at the higher concentrations. 

It is evident that the response can be varied by variation of the amount 
of stimulating material in the gas phase. It follows that differences in repell- 
ency between species of trees in such experiments as these could arise from 
differences in the concentration of one or more of the many pure essential oils 
of which each extracted oil is composed. While the kinds and proportions of 
the various pure oils was not determined in the present work, information of 
this sort is available in the literature for some of the species used in our experi- 
ments. From this it can be stated in very general terms that the distilled oils 
used in these experiments probably consisted mostly of terpene derivatives. 
The bulk of the white-pine oil, perhaps as much as 80%, consists of alpha- 
pinene; the spruce oils also probably contain alpha-pinene, although to a 
lesser extent than in white pine, along with substantial amounts of borynl 
acetate (7, 8, 9, 10, 12). 
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. Fic.¥2. Relation between response (traversal time) and concentration of oils supply- 
ing air-borne stimulants. 


The response of the weevil to various concentrations of pure alpha-pinene 
is shown in Fig. 2 as curve B. Again each point is the average of one determ- 
ination on at least 20 different individuals. It is evident at once that the vari- 
ation of response with concentration is similar to that seen with oil from 
white pine; but it will be noted that the curve for pinene is situated entirely 
to the right of that for white pine. At equal concentrations the vapor of white- 
pine oil is clearly more repellent than that of pinene. Again it is necessary 
to emphasize that there is an arbitrarily set maximum time of 480 seconds. 
In the case of pinene the fraction of animals taking this maximum time rose 
from 12% at a concentration of 2% oil to about 55% at the higher 
concentrations. ‘ 

White-pine oil contains, in addition to alpha-pinene, about 15% beta- 
pinene plus other minor constituents. Since pure alpha-pinene is not as 
potent an excitant as the extracted white-pine oil, it seems necessary to con- 
clude that some component of white-pine oil is actually more effective than 
alpha-pinene itself. While detailed information about the actual process of 
chemical stimulation and about the nature of all the components of white- 
pine oil is lacking, it would appear from the foregoing evidence that the weevils 
are capable of distinguishing repellent oils on a qualitative as well as a quan- 
titative basis. 
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Adaptation 

In insects, behavioral adaptation to chemical stimuli 7m solution has been 
well established (2); and the first records of the electrical activity of a single 
insect sensillum, stimulated by chemicals in aqueous solution, show marked 
adaptation as evidenced by a gradual fall in the frequency of nerve impulses 
(5). In man adaptation to air-borne chemical stimuli, i.e. odors, is rapid 
and quite complete as far as ordinary perception is concerned. There is, 
however, an apparent lack of information clearly establishing for insects 
adaptation to air-borne chemical stimuli, repellent or otherwise; however, 
see references 3, 11. 

The present experiments concern the possibility of adaptation to the stimu- 
lants in extracted white-pine oil. Repellent vapors were introduced into the 
outer channel in the usual manner and the traversal times were measured 
separately for individual insects. As soon as each animal had completed its 
first traversal it was immediately put back into the center of the reaction 
floor and the traversal remeasured. This was repeated for eight consecutive 
traversals. Antennaeless animals were used in some experiments in addition 
to normal, i.e. antennae intact, animals. 

The mean traversal time obtained for each of the eight consecutive traversals 
is plotted on a logarithmic scale against the respective traversal number in 
Fig. 3. The data have been approximated by smooth curves, the upper curve 
applying to the untreated animals tested against 1.3% white-pine oil, the two 
lower curves describing the data for the treated animals tested against 1.3% 
oil (open circles) and 2.5% oil (crosses). 

It is first of all apparent that the results for all three conditions are grossly 
similar in that as the time during which the animals are exposed to the odors 
increases, the length of the time the animals require to complete a traversal 
decreases, i.e. both antennaeless and normal animals are adapting to the repel- 
lent vapors. The curves do differ, however, from one another in two important 
respects. The initial traversal time of the antennaeless animals tested against 
1.3% oil is only 1/10 that of the normal animals (10 seconds vs. 109 seconds) ; 
and for 2.5% oil the initial traversal time of the antennaeless animals is 1/6 
that of the normal animals (49 seconds vs. 300 seconds, the latter figure 
being obtained from Fig. 2 data). Evidently the extirpation of the antennae 
profoundly modifies the response so that antennal receptors must normally 
be involved in the perception of the chemical repellents. On the other hand 
since antennaeless animals do respond, it is equally clear that receptors 
situated elsewhere than on the antennae are also able to mediate such re- 
sponses as are noted in these experiments. 

The curves in Fig. 3 differ also in respect to the level of the adaptation pla- 
teaus which are attained at about the fourth and fifth traversal. For the normal 
animals (exposed to 1.3% oil), this plateau corresponds to a mean traversal 
time of about 25 seconds. This time is still far above the value of 5 seconds, 
approximately, which is seen when no stimulant is present in the outer air 
mass. In other words, adaptation for the normal animals was incomplete. 
On the other hand the times for the last three traversals of the antennaeless 
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animals in both concentrations of oil are the same as the control times (5 
seconds), so that in these animals adaptation appears to be complete. The 
behavior of these latter animals as discerned visually during the experiments 
also shows that they are no longer responding to the test vapors. 

There is clearly a marked difference in the ability to adapt between the 
normal and antennaeless animals and consequently there must be very 
significant differences between the sense organs operative in the two instances. 
It is generally held that the antennae are the chief sites of true olfactory 
receptors and that it would be the ‘“‘common chemical sense receptors”’ which 
would mediate the responses studied here in antennaeless animals. The 
present experiments, by revealing a very fundamental difference between 
these receptors in respect to the ability to adapt, emphasizes the reality of 
the distinction made between them. 

Whenever experiments are done on the repellent action of odors on insects, 
there is always some interest attached to the results insofar as they may bear 
on measures for controlling insects in general. In this context it is, of course, 
desirable that no adaptation take place, and our results would indicate that 
the best repellent would be one which, other things being equal, was perceived 
by antennal receptors rather than by others (common chemical sense) situated 
elsewhere. 

Although the minimum time for disadaptation was not determined, experi- 
ments showed that 1 hour following complete adaptation to 1.3% white-pine 
oil, normal sensitivity is restored in normal animals. 
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Comparison of the Responses to the Different Extracted Essential Oils 

These experiments were done in the way already described using an oil 
concentration in each case of 1.0%. No animal was used more than once 
in the series for a given oil though some of the animals used for one oil were 
also used for one or more of the other oils or in a control experiment. To 
make the most critical test of response to the different oils, observations were 
made by obtaining one measure of traversal time to one oil and then using 
the same animal with one or more of the other oils. The data obtained thus 
permit the use of the paired variate ¢-test to evaluate the significance of the 
differences between pairs of oils. For a variety of reasons each animal was not 
tested on every one of the oils. As a consequence the average traversal time 
for all the organisms tested in any given oil is not strictly comparable with 
the average traversal time of all the organisms in some other oil (because 
the two groups of organisms are not strictly all different nor yet are they 
identical). Still, these averages are indicative of the general trend and hence 
they were listed in column 2 of Table III. It may be seen there that the rela- 
tively long traversal times (92-152 seconds) of red, black, and white spruce 
and white pine are more than twice those times for Norway and Siberian 
spruce and P. asperata (40-45 seconds). The latter in turn are much longer 
than the control traversal times of 5 seconds. 


TABLE III 


Comparison of response to different oils* 

















Species comparison: mean difference, P value, number of insects used 
Mean Repellency 
traversal of bark Red Black White White Norway Siberian P. 
time (sec) vapors spruce spruce spruce pine spruce spruce asperata 
Red spruce 152 High Ph —8.7 +71.4 +59.5 +114.1 +74.2 +113.9 
P=.6 P<.01 P<.01 P<.0l1 P<.01 P<.01 
Black spruce 123 High 36 +57.6 +52.1 +87.8 +77.0 +94.9 
P=.03 =.07 P<.0l P<.01 P<.01 
Me 

White spruce 110 High 35 33 . —3.0 +63.2 +51.3 +51.4 
P=.9 P=<.01 P<.01 P<.01 
White pinet 92 High 37 35 37 —48.8 +58.9 +58.4 
P<.01 P<.01 P<.0O1 

Norway spruce 45 Low 34 30 85 52 +6.6 +6.0 
P=.6 P=.5 

Siberian spruce 41 Low 37 39 31 34 29 he 2! - 

ie 
P. asperata 40 Low 38 36 54 54 52 35 3 
% 
Control 5.0 _ Se 








*The mean traversal time of individuals tested separately against the vapors from the various oils is shown 
along with the previously determined (1) repellency of the bark vapors. The mean difference of the traversal times 
of individuals tested against two different oils (same individuals in each test) is shown, for each possible comparison 
to the right of the diagonal line along with the probability that this difference is significantly different from zero. 
To the left of the diagonal line is shown the number of insects used in each comparison. 

tThe reason why the traversal times for white-pine oil given in this table differ from the traversal times given in 
Table II, Fig. 2, and in the text in connection with the possibility of the response being related to the sex of the 
animals is quite unknown. It will be recalled, however, that the animals used in the experiments of Table III were 
kept individually in small containers while for all other experiments they were kept in groups in large containers. 
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Column 3 of the table shows that in our previous work (1) the first group 
was found to have high repellency on the basis of bark vapors, the second 
group lower repellency. The times now seen for the oils, in general, parallels 
this relative assessment. It can be concluded then that all the extracted 
essential oils emitted vapors which were significantly repellent and this 
repellency may, as a first approximation, be graded in a way exactly parallel- 
ing the degree of repellency of the odors obtained when only the ground-up 
bark of the species was used. 

The significance of the differences in the traversal times of all possible 
pairs of oils were computed and the probabilities of the observed differences 
occurring by chance are given in the last six columns of Table III above the 
diagonal line along with the numerical difference between the averages for 
the oils in question. Below the diagonal line are given, for reference, the number 
of pairs of values involved in each comparison. Examination of these data 
suggests that the traversal times of red and black spruce are similar but 
different from those of white spruce and white pine. All four of these species 
as suggested above are decidedly different from the three exotic spruces and 
the controls. These results may be summarized by the following diagrammatic 
scheme in which > indicates that the essential oil vapors of the species to 
its left are more repellent than those to its right. 


Red spruce ba White spruce i. Norway spruce 
e Siberian spruce 


Black spruce x White pine a Picea asperata 


Since the extracted oils were not specifically dried, they undoubtedly 
contained a small quantity of water. As a consequence, initially at least, the 
air brought into contact with the extracted oil might contain somewhat 
more water vapor than the air drawn into the central air mass directly from 
the room. While the amount of this additional water was very small so that 
it could presumably have had only a relatively small effect, a few observations 
were made to determine the order of magnitude of the effect which differences 
in the water content of the two air masses might have on the traversal time. 
In three experiments, in each of which 10 separate animals were used, the 
average traversal times were 4.5, 4.6, and 5.1 seconds respectively with 
100% relative humidity in the inner air mass and 0% relative humidity in the 
outer air mass. In another three experiments in each of which 10 separate 
animals were used and for which the inner air mass had 0% relative humidity 
while the outer air mass 100% relative humidity, the average traversal times 
were respectively 6.4, 7.3, and 8.5 seconds. In the first set of experiments a 
visual impression of an avoidance reaction was seen only three times. These 
experiments suggest that there is no effect of water vapor. In the second set of 
experiments an avoidance reaction was seen a dozen or more times. This 
fact, along with the increased traversal time, suggests a small effect. While 
there may then be a response to humidity differences under the appropriate 
experimental conditions, the effect is far too small to have had any signi- 
ficance in the experiments with the oils. While these experiments on response 
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to water vapor are only of a preliminary nature it appears from them that 
it is the presence of water which causes the response and that only when 
differential stimulation of parts of the body can take place, as in the second 
set of experiments, does a response occur. 

There seems little doubt that the air-borne chemicals initiating the responses 
in the earlier experiments with ground-up bark were, as had been suspected, 
essential oil vapors released from the resin ducts broken during the grinding 
process. Moreover, since the gradations in repellency observed in the present 
experiments were obtained using the oils at a constant strength (1%), it is 
evident that the bark vapors differed in respect to repellent effects not because 
of any difference in the absolute amounts of essential oil which they con- 
tained but because of differences in the sensitivity of the weevils to the different 
oil vapors. The latter conclusion was reached earlier from the examination of 
the distillation results (Table I) in which, for the various species, there was 
no apparent correlation between the amount of oil distilled and the repellency 
of the respective bark vapors. In looking for some other possible explanation for 
the graded effects of the repellent vapors, one naturally turns to the fact, 
already referred to, that each of the distilled oils is a solution of many different 
pure compounds. It could thus be that the repellency of a particular extracted 
oil was directly related to its qualitative composition. For example, a distilled 
oil might possess one or more pure oils which are peculiar to that oil alone 
and which in turn determine the relative repellency of that distilled oil. 
That the weevil can distinguish between at least two different oils has been 
shown by the experiments using alpha-pinene and oil distilled from white 
pine (Fig. 3). However, it is still possible that the problem is basically a 
quantitative one. For example, perhaps the weevil is extremely sensitive to 
one particular pure essential oil which is a constituent of all the distilled 
oils and whose presence quantitatively determines the relative repellency 
of each distilled oil. The extent to which quantitative and qualitative differ- 
ences in the constituency of the various extracted oils are important in determ- 
ining the various degrees of repellency remains to be investigated. 

As was pointed out earlier (1), the native spruces are relatively immune 
to weevil attack in the field while the exotic spruces, in contrast, are relatively 
susceptible. The inverse relation between susceptibility to weevil attack, and 
repellency of the essential oil vapors of these spruce species reported in the 
present investigation, are of some considerable interest therefore from an 
ecological standpoint. It will be noted, however, that white pine does not 
readily fit into this scheme; for although white pine is, of course, a favored 
host tree for the weevil, nevertheless the vapors from its extracted essential 
oils are highly repellent. In the tree the essential oils used in these experi- 
ments are enclosed within the resin ducts located in the primary cortex of 
the bark. If any of the above-mentioned relationships between weevilling and 
repellency are to have any ecological significance, a sine qua non would be 
that weevils in the course of their normal activity come into contact with 
these essential oils. Possibly white pine is an exception to the rule that incidence 
of weevilling parallels the repellency of the contained essential oils because of 
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some special relation between the excavating behavior of the animal, and the 
structure of white-pine bark. This point is currently under investigation. 


Analysis of the Traversal Times 

In the present experiments with the extracted oils, as in the previously 
reported experiments using ground-up bark (1), the insects were not continu- 
ously in motion throughout the traversal time. Particularly in the higher 
traversal times it was apparent that during traversals there were frequent 
periods during which the animal did not move at all. It was pointed out in 
connection with the experiments using bark that the lengthening of the trav- 
ersal times could theoretically come about as a result of an increase in the 
length or frequency of such resting periods. It was shown in that work, how- 
ever, that such was not the case. 

In order to characterize fully the new experiments with extractives it seemed 
desirable to examine this point again. Accordingly in the experiments de- 
scribed in the preceding section, the total time during which the animals in 
a traversal were at rest was determined simultaneously with the measurement 
of the traversal time using a separate clock. The traversal times for each of 
the species were then sorted according to magnitude so as to form a “‘low”, 
‘“‘middle’’, and “‘high”’ group set of values. All times of 10 seconds or less were 
considered to be in the low group. The range of values included in the middle 
and high groups were chosen in each case so as to put approximately equal 
numbers of observations in each group. 

The average traversal time and the average time spent at rest was calculated 
for each of the above-mentioned three groups. The mean traversal times 
along with the mean percentage of the traversal times spent at rest are shown 
in Table IV for all the seven species used. The traversal times for the controls, 
none of which exceeded 13 seconds, have been included in the low group 
because of the lack of a sufficient number of observations for a middle and 
high group. 

Comparison of the respective values in columns 4, 8, and 12 shows that 
during a traversal relatively less time is spent in rest in the low group than in 
the two higher groups of traversal times. In every instance it is only a 
difference between the low and either of the two upper groups which is ap- 
preciable. The resting time in the low group, including the controls, is less 
than 10% of the traversal time, while in the middle and high groups it is 
about 35%. The probability that the difference between the fraction of 
the traversal time spent at rest in the middle group and that spent at rest in 
the high group could arise by chance was determined from appropriate f-tests. 
The respective probabilities are given in column 13 of the table, and from 
them it is evident that in no case is the difference significant. Obviously the 
traversal times in the high group are not longer than those in the middle 
group by virtue of any appreciable increase in the proportion of the traversal 
time spent at rest. This was the finding in the experiments with bark too. 
It was pointed out in that connection that although the proportion of the 
traversal time spent in rest in the low group is considerably smaller than 
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that for either of the two higher groups, the difference between the traversal 
times of the low group and middle-high group could not have occurred 
merely by virtue of an increase in the resting time. For example, if the 
mean traversal time of 5 seconds for the low group were to become the mean 
traversal time of about 35 seconds for the middle group, then the resting 
time in the middle group would have had to have been about 30 seconds, 
which is 85% of the traversal time. Instead it was only 35%. It seems 
necessary to conclude, then, that in the experiments with extracted oils as 
in those with ground-up bark, the traversal times do not increase when a 
repellent odor is present solely because of an increase in resting times. 

In order to obtain further information about the path traced out by the 
locomotion of the animal, and the effect of a chemical stimulant (repellent) 
upon it, motion pictures were taken of 54 traversals in control experiments 
and 31 traversals with the repellent pinene oil present in the outer channel. 
The pictures were taken from directly above using an exhaust funnel closed 
at the top by a thin glass cover slip which formed an observation port. Air 
was exhausted in the usual manner by four effluent tubes placed symmetri- 
cally a little below the observation port. Pictures were taken each 0.120 
second. Complete traversals were photographed when these were of compar- 
atively short duration. During long traversals, sequences lasting 20 seconds 
were taken at random throughout the traversal. The path of the animal 
was reconstructed by tracing out on paper the position of the animal as indi- 
cated during the frame by frame projection of the film. 

In the 54 control traversals studied, rest periods occurred in only 16, and only 
in 6 of these traversals were two or more rest periods seen. (A rest period 
was considered to have begun when in two successive frames of the motion 
pictures there was no change in the position of the animal.) It therefore 
appears that the duration of an active period, that is the period between two 
successive rest periods, tends to be longer on the whole than is required for 
a complete traversal in control experiments. One cannot therefore obtain in 
the particular experimental set-up used here, in control experiments, a satis- 
factory measure of the length of the activity periods. Since only 16 out of 54 
examples includes a rest period, the mode of the active period must be more 
than 5 seconds. The mean duration of the rest periods in the 16 traversals 
when they occurred was found to be 0.67 seconds (see Table V). 

When a repellent odor was present the traversal times were typically 60 
seconds or more in duration and were therefore similar to those making up 
the middle and high group traversals mentioned above. The photographic 
records of these traversals show many successive periods of rest in each 
traversal. The mean value of the duration of the rest and active periods in 
these experiments, along with those from the control experiments, are given 
in Table V. The percentage of the total observed time which was spent in 
rest is also shown. 

First it will be noted that the percentage of the time spent at rest in the 
controls (7.3%) is very much less than the comparable percentage for the 
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TABLE V 


Analysis of the filmed traversals* 





Mean duration Mean duration 
of an active of a rest 
period period % total time 
(sec) (sec) spent in resting 
Cc Is Probably at .67 tad 
ontros least 5 sec (N = 24) 
Experimentals (repellent 1.54 ay 
odor present) (N = 300) 


$2.7 





*The mean values for the duration of active and rest periods have been calculated for both control and experi- 
mental (i.e. odor present) traversals. Also shown is the percentage of the total filmed time spent in rest. 


times when a repellent odor was present (32.2%). It will be noted also that 
these values agree reasonably well with those of the less precise analysis 
in Table IV where for the controls and the control-like low group, 10% or 
less of the traversal time was spent at rest, whereas 35%, approximately, 
of the traversal times was spent in rest in the longer traversal times of the 
middle and high groups. 

The mean duration of the individual rest periods is evidently short, both 
means in Table V being less than a second. The variates ranged from 0.120 
seconds, i.e. one frame of observed inactivity, to about 4 seconds, i.e. 35 
consecutive frames of inactivity. On the basis of a f-test, the difference between 
0.67 seconds for the controls and 0.75 seconds for the experimentals is not 
significant (P = .50). Thus whether a repellent odor is present or not, the 
average duration of a rest period is about 3/4 second. In contrast the active 
period was shortened by the presence of the odor from 5 or more seconds in 
the control to only 1.54 seconds. It appears that the animals stop more fre- 
quently in the presence of a repellent odor, although apparently for no longer 
a time, than if no repellent odor is present. 

If the presence of the repellent lowers the duration of an active period 
but does not affect the duration of the rest periods, it will on the whole increase 
the proportion of the traversal times spent at rest. This would appear to 
account for the increase in the per cent resting of the animals, when a repellent 
is present, as noted in Table V and in the middle and high group traversals 
in Table IV. Those animals which gave traversal times similar to those in con- 
trol experiments (low group, Table IV) must have been completely refractory 
to the repellent vapors since they did, on the whole, spend as little time at 
rest as did those in the controls: indeed this was the visual impression received. 

It is true then that the repellent odor decreases markedly the duration of 
the activity periods and that this has the effect of increasing the traversal 
time. This effect, however, as noted from Table IV is not nearly great enough 
to prolong the traversal times as much as the odor actually does. Clearly 
further work will be needed to establish what other parameters of the loco- 
motion, such as its direction, for example, are primarily responsible for the 
effect of the repellent on traversal time. 
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THE GENITALIA OF HYPODERMA BOVIS (L.) 
AND H. LINEATUM (DE VILL.) (DIPTERA: OESTRIDAE)!' 


R. H. GoopinG? AND J. WEINTRAUB 


Abstract 


The genitalia of the females and males of Hypoderma bovis and H. lineatum are 
described and illustrated. There are only slight differences in the genital structures 
of the two species. Differences in descriptions of the females by previous authors 
are resolved. The structures of the male genitalia are renamed in light of the 
hypopygium circumversum. 

In a developmental series of H. bovis puparia the definitive form of the male 
genitalia (hypopygium circumversum) was reached after 19 days at 20° C. One 
38-day-old specimen was exceptional, having developed only to the hypopygium 
inversum stage. A comparison of the musculature and sclerites in the series 
indicated that the progenital plate is composed of either the fused seventh and 
eighth terga or the fused eighth tergum and ninth sternum. The specimens used 
in the series included the one anomalous pupa featuring the hypopygium inver- 
sum (180°) and several with the final (360°) and intermediate (270°) stages of 
the hypopygial rotation. 


Introduction 


Observations during mating experiments with Hypoderma lineatum and 
H. bovis raised questions about the names of the terminalia. Carpenter and 
Hewitt (1), Mote (12), and Patton (13) have produced the only complete 
descriptions to date, but some of their details did not conform to those of the 


structures examined in about 125 specimens available for this study. In the 
male terminalia particularly, their designation of structures did not take into 
account the hypopygium circumversum, which has been shown to exist in 
the higher Diptera (4, 6, 7, 8, 10). 

According to this theory the postabdominal segments of the males have 
rotated differentially so that the definitive sterna and terga was displaced to 
the following degree: segment VI rotated clockwise 60°, segment VII an 
additional 60°, segment VIII 60° further, and segments IX and X the full 
360° rotation, or hypopygium circumversum. Some Diptera, e.g., certain 
Nematocera, feature only 180° rotation, or hypopygium inversum. Feiierborn 
(4) first used the term, and Metcalf (10), Lamb (9), Richards (14), and Hardy 
(7, 8) have all contributed to the development of the theory. The original 
evidence was the looping of the ejaculatory duct over the digestive tract, the 
asymmetrical terminal sclerites, and the asymmetrical position of the testes 
(7), all of which we have observed in H. lineatum and H. bovis. Recently 
Chillcott (2) discovered that nerves servicing the postabdomen also loop over 
the digestive tract. 

The objectives of this paper are to describe the female and male genitalia 
of H. bovis and H. lineatum, to resolve some contradictions of detail in the 
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descriptions by previous authors, and (principally) to relate the postabdominal 
segments of the males to those of other Diptera from published descriptions. 
For the latter objective we examined a developmental series of puparia to 
trace the origins of the adult structures since the literature had indicated that 
rotation of the hypopygium occurred in the pupa (4, 15, 16). Although one 
anomalous pupal specimen in the inversum stage was important in this 
tracing process, the resulting reinterpretation of structures seems reasonable. 

The morphological terms used here are mainly those of Van Emden and 
Hennig (16). 

Materials and Methods 


Adults of both species of Zypoderma were used in experiments on repro- 
ductive behavior before being examined morphologically. Thus identification 
of the adults of the two species was confirmed by their distinctive reproductive 
behavior. General dissections for comparative study of the genital armature 
were conducted on live, on freshly killed, and on pinned and relaxed specimens. 
The specimens were examined without clearing except when observed struc- 
tures differed from those described by other authors, which necessitated 
checking by their methods. The terminalia from identified specimens were 
preserved in 70% ethyl alcohol. 

A developmental series of pupae was obtained as follows: every third day a 
sample of three freshly dropped larvae was placed in a temperature cabinet 
at 20° C until the first fly emerged (38 days for H. bovis and 33 for H. lineatum), 
when the entire series was immersed in a modified Carnoy’s fixative of 6 
isopropanol:3 chloroform:1 neutralized formaldehyde. All specimens were 
stored in a 1:1 mixture of isopropanol and N butyl methacrylate and trans- 
ferred to 70% ethyl alcohol for 2 days before being used for gross dissection. 

Muscles of the male terminalia were examined to help clarify the relation- 
ships among the sclerites in both pupae and adults. 

Genitalia of H. bovis, showing three stages of development, were photo- 
graphed with a Leitz Panphot apparatus. The specimens were illuminated by 
microscope lamps and kept moist to prevent distortion. Photos were compared 
with the actual specimens, the pertinent areas were outlined, and the back- 
ground detail was bleached to leave line reproductions (Figs. 18, 19, 20). 


Description of Adults 
The Female Genitalia 

In general our observations on the female genitalia (Figs. 1-3) agreed with 
those of Carpenter and Hewitt (1). 

Segment VIIJ.—The seventh segment is similar in both species. An elongate 
sternum and two tergites are visible when the uncleared segment is cut 
longitudinally and spread out. When the cleared, intact segment is viewed 
ventrally the double tergites can be seen through the translucent sternum 
giving the impression that there are two sternites, as described by Carpenter 
and Hewitt (1) for H. lineatum and by Mote (12) for H. bovis. Patton (13) 
also found an undivided sternum VII in H. bovis. 
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Segment VIII.—The sternum consists of two lateral sternites separated 
by a median membranous area in both species. The posterior ends are trun- 
cated in H. bovis (Fig. 2, ST VIII) and rounded in H. lineatum. Similarly the 
tergum consists of two relatively broad tergites, which terminate in posterior 
extensions that articulate ventrolaterally with the ninth sternites. In H. bovis 
the extensions fit into the sinuate anterior margins of the ninth sternites 
whereas in H/. lineatum they are separated from the latter by a wide mem- 
branous area. Anteriorly the tergites are broad and unmodified in both species. 
Patton (13), considering segment VIII lost, named this segment IX. 

Segments IX and X.—The two sternites of segment IX are displaced laterally 
by the posterior extension of the eighth sternites. The posterior and dorsal 
edges of the ninth sternites are fused with the process of tergum IX (Figs. 1-3, 
ST 1X, P |X). With the exception of the anterior margins of the ninth ster- 
nites, which are sinuate in H. bovis and concave to straight in H. lineatum, 
there are only slight differences in these sclerites. Patton (13) illustrated the 
ninth sternites and the processes of the ninth but considered them to be the 
anal cerci. Tergum IX (Patton’s 7 X) is large and heavily sclerotized in both 
species. It is almost square with a slightly curved posterior margin in H. bovis 
(Fig. 1) and pentagonal in H. lineatum. The process P 1X arises from the 
posterolateral edges of the ninth tergum of HZ. bovis. In H. lineatum, P 1X 
is closely articulated but not fused with the ninth tergum. It is slightly sclero- 
tized at the posterior end and bears strong bristles. The inner edges of these 
processes form sharp, medially directed projections in H. bovis (Fig. 1) but 
not in HZ. lineatum. In each species the inner surface gives rise to a lightly 
sclerotized, medially directed process (Figs. 1-3, a), which joins the ventrally 
curved portion of the 10th tergum. 


The Male Genitalia 

Segment V.—The fifth segment is not involved in the hypopygium circum- 
versum, and the relative positions of its sternum and tergum are normal. 
Sternum V is bilobed (Figs. 18 and 20) in both species and extends posteriorly 
over most of the genital armature. 

Segment VI.—Tergum VI is displaced slightly to the right in both species 
(Fig. 20). It represents Patton’s (13) terga VI and VII fused. Sternum VI is 
a short, wide sclerite forming the posterior boundary of the genital pouch. 
It is strongly asymmetrical to the left (Figs. 12, 13, 18, 20). Mote (12) did not 
describe sternum VI and suggested that the only distinct sclerite in the segment 
was the tergum. Carpenter and Hewitt (1) mentioned only that it was much 
reduced and that tergum VI was larger in H. lineatum than in H. bovis. 

Segments VII and VIII.—In both species sternum VII is a small, irregular 
sclerite located entirely on the left side of the specimen, dorsal to sternum VI 
(Figs. 12, 13, 18, 20, ST VII). It was identified by the muscle attachments 
to sternum VI (Figs. 12 and 13, 0). We have been unable to locate conclusive 
evidence to indicate the fate of sternum VIII. Carpenter and Hewitt (1) stated 
that ‘‘sternite VII’’ was possibly represented by the stiffened front edge of the 
progenital plate and ‘‘sternite VIII” by the hind edge. They found two 
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distinct vestiges of sclerites in the ‘“‘intersegmental conjunctiva’”’ between 
the sixth and ninth terga of H. lineatum but not of H. bovis and considered them 
to be the seventh and eighth terga (p. 275). Mote (12) accepted this inter- 
pretation though he was dealing with H. bovis. We were not able to find the 
so-called seventh and eighth terga in either cleared or whole material of both 
species. Patton (13) apparently did not find sternum VII and considered 
segment VII missing. 

Progenital plate-—The progenital plate (Figs. 4, 6, 14, 15, Pg) was well 
described by Carpenter and Hewitt (1). It is a plate occupying a ventral 
position slightly anterior to tergum IX. On its surface a very weak transverse 
suture (Fig. 6, s) forms a dividing line between two heavily sclerotized areas. 
Carpenter and Hewitt (1) thought it possible “that the seventh, as well as 
the eighth, sternum may be represented”’ by it. Patton (13) stated that it was 
tergosternum IX in H. bovis. 

Segments IX and X.—The ninth tergum in both species is a heavily sclero- 


tized, convex plate, bearing at its posterolateral margin the surstyli (Figs. 4, 


5, 16, 17, 18, 20, ss), which we have observed to function as active claspers 
during mating. The surstyli are attached ventrally to the epipleural rods 


Fics. 1-3. H. bovis 9. Tip of ovipositor: 1, dorsal view (X50); 2, ventral view (X35); 


3, lateral view (X50). 


Fic. 4. H. bovis ¢. Lateral view of progenital plate and hypopygium ( X30). 

Fic. 5. H. lineatum o. Anteroventral view of surstyli and anal cerci (X30). 

Fic. 6. H. bovis o&. Ventral view of genital area excluding tergum IX and anal cerci. 
The pre- and post-gonites and theca are cut off to show arrangement of the bases; post- 
gonite is in lateral position to show articulation with theca ( X30). 

Fics. 7,8. H. lineatum co. Dorsal and ventral view, respectively, of theca and phal- 


lapodeme ( X35). 


Fic. 9. H. bovis o. Lateral view of theca and phallapodeme ( X35). 
Fic. 10. H. bovis o. Lateral view of theca and phallapodeme in the inversum stage of 


pupa (X35). 


ABBREVIATIONS USED IN FIGURES 


a—process of P IX 

ac—fused anal cerci (mesolobus) 

Ae—aedeagus 

Ap—phallapodeme 

c—theca articulation with GS 

d—sclerite possibly part of ST VIII 

e—unidentified sclerite rudiment 

ea—ejaculatory apodeme 

ef—foramen for ejaculatory duct 

em—muscle from T IX to processi longi 

ep—epipleural rods or processi longi 

es—ejaculatory sac 

f—unidentified sclerite rudiment 

ga—arm joining GS and GC 

GC—gonocoxite 

gp—membrane possibly forming part of the 
definitive genital pouch 

GS—gonostylus 

gut—refers to a portion of the hind-gut 

h—unidentified sclerite rudiment 

i—unidentified sclerite rudiment 

j—muscle from T VI to progenital plate 

k—sclerite possibly part of ST VIII 

/—muscle from progenital plate to anterior 
of TIX 


la—lateral arm of T IX 

m—membranous area 
n—intersternal muscle from segment V 
to VI 

o—intersternal muscle from segment VI 
to VII 

a from ST VIII to posterior of T 


P 1X—process of T IX 

PG—pregonite 

Pg—progenital plate 

pm—muscles of the genital pouch 

ps—sclerotized area near apex of penis 

s—suture 

ss—surstylus 

ST V-IX—sterna of segments V, VI, VII, 
VIII, and IX 

T VI, Vil1I-X—terga of segments VI, 
VIII, IX, and X 

Ths—thecal spine 

tv—muscle from T IX to ventral part of 
anal cerci 

vg—ventral groove of anal cerci 
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(Fig. 5, ep), or processi longi (16). These articulate at their anterior end with 
the dorsal part of the hind edge of the progenital plate. Muscles (Figs. 16, 
17, em) connect the anterior margin of tergum IX to the processi longi. The 
anterolateral edge of tergum IX gives rise to lateral arms (Figs. 4, 5, 12, 14, 
la), which articulate with the lateral portion of the progenital plate. Together 
with the processi longi these provide articulation for vertical movements of 
segments IX and X on the progenital plate. 

Carpenter and Hewitt (1) considered the proximal portion of this sclerite 
(Figs. 4, 5, 12-20, ac) as tergum X, the apical portion as sternum X, and the 
anus-bearing membrane as segment XI. Patton’s (13) interpretation differed 
sharply from this, naming Carpenter and Hewitt’s (1) tergum XI as tergum X 
and their 10th segment as the fused anal cerci. In both species a pair of muscles 
(Figs. 16 and 17, tv) connect tergum IX with the ventral part of the structure 
in question (Figs. 16 and 17, ac). Similar muscles servicing the anal cerci of 
Calliphora erythrocephala were described by Graham-Smith (5). Therefore, 
it seems that Patton (13) correctly homologized this structure with the anal 
cerci, which are present and fused. Van Emden and Hennig (16) called it 
the mesolobus. 

The 10th tergum is completely fused with the 9th tergum, greatly reduced, 
or lost. The membrane bearing the anus may or may not represent the 10th 
or the 11th segment. Hardy (8) and others believed that the proctiger repre- 
sents segment XI of Diptera and that the 9th and 10th segments fused to 
make up the genital segment of the male. 

Gonites.—The postgonite, consisting of a hooked gonostylus and a triangular 
gonocoxite (Figs. 6, 11, GC and GS), are found in the membranous area 
enclosed by the dorsal extensions of the progenital plate. In H. bovis the two 
portions are joined by an arm (Fig. 6, ga), which is slightly reduced in some 
specimens; it is found only occasionally in H. lineatum. Neither portion is 
provided with muscles. The gonostylus bears a proximal hinge, which arti- 
culates with the theca. The gonocoxite forms a part of the body wall, lies 
within the dorsal extension of the progenital plate, and is closely united with 
the pregonite (Fig. 11, PG). The latter originates at the posteroventral edge 
of the progenital plate (Figs. 4, 6). 

Theca.—Our observations on the theca and the great apodeme, or phallapo- 
deme (16), in H. bovis and H. lineatum (Figs. 7-9, Ap) generally agree with 
those of Carpenter and Hewitt (1), Mote (12), and Patton (13). We observed a 
lightly sclerotized area near the apex of the penis (Figs. 7-9, ps). This structure 
is variably developed in the mid-ventral region, and the sclerite is occasionally 
divided, confirming Mote’s (12) drawings of a divided structure. The theca is 
fused to the phallapodeme (Fig. 9, Ap) by means of a hinge, which allows 
vertical movements of the theca. A small knob is found in H. bovis (Figs. 6 
and 9, c) but not in H. lineatum on the theca near the point of attachment to 
the phallapodeme. It appears to form part of the articulation of the postgonite 
with the theca. The phallapodeme is wider in H. bovis than in H. lineatum. 





AW = ww) OS we x 


GOODING AND WEINTRAUB: GENITALIA 


Description of Pupae and Reinterpretation 
of Male Adult Structures 

Hardy stated that “the circumversion in the Cyclorrhapha proceeds in at 
least two steps and perhaps generally in a gradual way between several suc- 
cessive segments from the hind margin of the fifth onwards and during the 
pupal stage” (15). Van Emden and Hennig (16, p. 113) also’ referred to onto- 
genetic studies, which showed that the hypopygium is twisted 360°. Earlier 
Feiirerborn (4) had referred to this full rotation beginning ‘‘in the early days 
of the pupal rest’. Chillcott (2) found that the rotation takes place prior to 
sclerite formation in pupae of Musca and Drosophila. 

The developmental series of H. lineatum showed only the definitive form or a 
stage before any genitalia were discernible, but evidence of rotation was 
found in the pupa of H. bovis. Figures 18, 19, and 20 illustrate three stages of 
rotation, to 180°, 270°, and 360°, respectively. The definitive arrangement 
(hypopygium circumversum) was first noted at 19 days (Fig. 20); the inter- 
mediate stage (270°) between inversum and circumversum was found at 13 
days (Fig. 19); however, the earlier inversum stage was found in only one 
pupa, which was 38 days old (Fig. 18). Apparently it had failed to complete 
the twist but continued to sclerotize in the 180° arrangement. 

In the hypopygium inversum stage (Fig. 18) the ninth segment and the 
fused anal cerci are directed dorsally, but the sixth and seventh sterna and 
sixth tergum have attained their definitive positions. Muscles have formed 
within the sclerites. Two sclerites (Fig. 18, d and k) may represent the remains 
of sternum VIII during pupal development. These sclerites are not visible in 
the imago and may have fused with either tergum VI or IX. The latter possi- 
bility is considered more likely because a muscle (Figs. 12 and 13, p) was 
traced from sternum VII to the posterior margin of the ninth tergum. The 
muscle is divided in the imago. A single muscle connects tergum VI to the 
median anterior margin of the progenital plate in both inversum-stage pupa 
and adult (Figs. 12,14,15, 7). In the pupa a pair of muscles connects the anterior. 
edge of tergum IX with the ventral (definitive dorsal) posterior portion of the 
progenital plate (Fig. 14, 7), which also appears to be the same as in the adult. 
A membrane beneath muscles ‘‘7’’ and ‘‘pm”’ extends directly from the posterior 
of tergum VI to the anterior of the progenital plate. This forms a part of the 
genital pouch on the basis of the attached muscle (Figs. 12 and 15, pm) found 
in both pupa and adult. In the pupa the phallapodeme is dorsal and the 
thecal spine ventral (Fig. 10, Ap, Ths) in contrast to their reverse positions 
in the adult (Fig. 9). The theca and apodeme lie approximately at 180° to 
each other in the adult but approximately at right angles in the pupa (Fig. 10). 
The latter position is the same as that shown by Zumpt and Heinz (17) for 
adults of C. erythrocephala but not as illustrated by Graham-Smith (5) for 
the same species. 

In the stage intermediate between the hypopygium inversum and circum- 
versum the sclerites (Fig. 19, e, f, h, 7) were unidentifiable and no muscles 
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Fic. 11. H. bovis o&. Lateroventral view of pre- and post-gonites (35). 

Fics. 12-17. H. bovis @. Musculature of the terminalia: 12, anterior view, 19-day-old 
circumversum pupa (X14); 13, anterior view of left portions of sterna VI and VII and 
tergum IX in adult (X14); 14 and 15, lateral view, 38-day-old inversum pupa and adult, 
respectively (14); 16 and 17, lateral view near median section of adult and 19-day-old 
circumversum pupa, respectively (37). 

Fics. 18-20. H. bovis @ pupae. Posteroventral view of terminalia in various stages of 
rotation (X14): 18, inversum stage (38 days); 19, intermediate (13 days); 20, circum- 
versum stage (19 days). 
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were found to have formed in them. At the time of emergence the well-formed 
sclerites had achieved their definitive positions (Fig. 20) and their muscles 
were the same as those of the adults. 

Reinterpretation of Carpenter and Hewitt’s (1) and Patton’s (13) descrip- 
tions of the male genitalia of H. bovis is essentially a question of the 
origins of the progenital plate. Van Emden and Hennig (16) disposed of the 
theory that it was composed of tergosternum IX, the theory to which Patton 
(13) adhered. Carpenter and Hewitt’s (1) nomenclature was untenable 
because sternum VII is located to the left of and dorsal to sternum VI (Figs. 
12, 13, 18, 20). Also, the position of their sternum VIII conflicts with the 
other evidence of the hypopygial rotation. Morrison (11) considered the names 
given to the progenital plate by 13 authors and decided that it was composed 
of sternum IX. This view is generally still current (16); however, Chillcott 
(2) has recently proposed that the ninth sternum is absent or reduced and 
(if the latter) sometimes fused with the gonocoxites in the muscoid flies. 

The theory that sternum IX forms the progenital plate was applied to 
H. bovis on the basis of musculature, as follows: muscles ‘‘n’’, ‘‘o’’, and ‘‘p”’ 
are interpreted as being intersternal muscles of segments V-VI, VI-VII, and 
VII-VIII, respectively (Figs. 12 and 13); if sternum VIII is interpreted as 
being fused to the anterior edge of tergum IX, then intersternal muscle ‘‘/”’ 
connects tergum IX with the progenital plate, which is therefore sternum IX. 

However, in the above, muscle ‘‘j’’ (Figs. 12, 14, 15) is not accounted for 
and the presence of a suture on the progenital plate (Fig. 6, s) suggests that 
two sclerites have fused. Finally, muscle ‘“‘/’’ seems to have moved from its 
position connecting the posterior part of the progenital plate with tergum IX 
in the inversum stage to a position connecting the anterior part of the pro- 
genital plate with tergum IX in the adult (cf. Figs. 14 and 15). This suggests 
that only the posterior part of the progenital plate is formed by sternum IX 
and that the remaining portion is formed by tergum VII or VIII, which has 
fused with sternum IX. Muscle “‘j”’, connecting tergum VI to the progenital 
plate anterior to the attachment of muscle ‘‘/’’, must be interpreted as being 
an intertergal muscle. 

Alternatively, if muscles ‘‘n’’, ‘‘o’’, and “p”’ are called intersternal but ‘‘7’’ 
and ‘‘/’’ intertergal, then the progenital plate becomes the fused terga VII 
and VIII, connected to terga VI and IX by muscles “‘j” and ‘‘/’”’, respectively. 
If still retained, terga VII and VIII should occupy a lateroventral and ventral 
position, respectively. Such a position is occupied by the progenitai plate, 
with the possible objection that it is too nearly ventral. Sternum IX might 
either have disappeared or have formed the gonites although examination of 
Hypoderma pupae added no new evidence to the previous theories (2, 3, 8, 
16, 17) concerning their origins. 

The retention of tergum VII and/or VIII, as proposed above, conflicts 
with Hardy (8). He modified Metcalf’s (10) explanation of the hypopygial 
rotation by postulating that the hypopygium first attains the inverted state, 
followed by an independent spiral curving of the whole terminalia to the 
right, so as to point the hypopygium anteriorly. In our inversum specimen 
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(Figs. 14 and 18) the movement apparently ceased after the initial hypopygial 
rotation to the inversum stage, and sclerotization took place. Hardy (8) 
postulated that ‘‘the tergites being on the inner curve largely become vestigial. 
The hypopygium remain inverted throughout the process’. According to our 
interpretation terga VII and VIII (progenital plate) appear to have left the 
inner curve of the spiral by telescoping within segments VI and V and did 
not become vestigial. This is supported by the presence of the membrane 
extending directly from the posterior margin of tergum VI to the anterior 
margin of the progenital plate. It appears to be the VI—VII intertergal mem- 


brane. 
In all fairness, we must reiterate that these alternative interpretations of 


the origin of the progenital plate are based partly on fortunate chance in 
finding the anomalous inversum-stage pupal specimen in which sclerotization 
and muscle development proceeded without further rotation of the sclerites. 
They are also based on a flexible interpretation of the muscles in this pupal 
specimen and in the adult. It seems that a thorough study of a complete 
ontogenetic series, utilizing histological techniques, is needed to trace this 


development. 
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NEMATODE PARASITES OF VERTEBRATES OF EAST PAKISTAN 
V. SPIRURID NEMATODES! 
S. P. Gupta? 


Abstract 


Viguiera dicrurusi sp. nov. from Dicrurus macrocercus albirctus is described. 
V. euryoptera Singh, 1949 (not Seurat, 1913) is considered a synonym of V. 
dicrurusi. A key to the species of the genus Viguiera Seurat, 1913 is given. 
Redescriptions of Dispharynx nasuta (Rudolphi, 1819) Railliet, Henry, and 
Sisoff, 1912 from Sturnus c. contra; Torquatella balanocephala Gendre, 1922 from 
Merops o. orientalis and Castronodus strassenii Singh, 1934 are given. These are all 
new records from East Pakistan. Dispharynx pavonis Sanwal, 1952 is considered 
to be a synonym of D. nasuta. 


Acuariidae Seurat, 1913 


Dispharynx nasuta (Rudolphi, 1819) Railliet, Henry, and Sisoff, 1912 (Figs. 
1-3) 
Host: Sturnus c. contra. 


Location: Stomach. 
Material: One male, three females. 


Description 
Male 6.2 mm long, 0.29 mm wide. Two small cervical papillae between 


cordons, 0.36 mm from anterior end of body. Head (Fig. 1) 0.03 mm diameter 
with cordons, each 0.014 mm in maximum thickness, extending to 0.37 mm 
from anterior end of body, then turning forward to end 0.19 mm from anterior 
extremity. Mouth leads into cylindrical vestibule, 0.09 mm long, which leads 
into a long oesophagus divided into two parts, an anterior, narrow and muscular 
part 0.52 mm long, and a posterior, wide and glandular part, 1.9 mm long. 
Nerve ring 0.25 mm and excretory pore 0.35 mm from anterior end. Caudal end 
(Fig. 2) tightly coiled, provided with well-developed caudal alae. Tail bluntly 
rounded, 0.29 mm long. Nine pairs pedunculated papillae, four pairs preanal, 
five pairs postanal. Preanal papillae situated close together at regular intervals; 
two pairs postanal papillae near cloaca, and two pairs near posterior end of 
body. One pair of very small papillae near tip of tail. Spicules (Fig. 3) very 
unequal, the right slender, 0.34 mm long, the left 0.19 mm long, bipartite, 
short and broad, the proximal part consisting of a narrow chitinized edge 
bent almost at right angles to the simple, blunt-tipped, chitinized distal part. 


1Manuscript received January 20, 1960. 

Contribution from the Institute of Parasitology, McGill University, Macdonald College 
P.O., Que., Canada. The parasites upon which this paper is based were collected by Dr. 
Robert E. Kuntz (Cdr. MseC, USN: U.S. Naval Medical Research Unit No. 2, Taipei, Taiwan), 
a member of the U.S. Naval Medical Mission to East Pakistan in 1958. He was assisted by 
James Reese, HM, IC, USN, and Charles Knight, HCM, USN, also of NAMRU-2. Dr. H. G. 
Deignan, Associate Curator, Division of Birds, U.S. National Museum, identified the birds 
and Dr. H. Johnson, Curator, Division of Mammals, the mammals. 

2National Research Council of Canada, Postdoctorate Fellow. 
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Fics. 1-3. Dispharynx nasuta (Rudolphi, 1819) Railliet, Henry, and Sisoff, 1912. 
1. Anterior region of male. Lateral view. 

2. Male tail, lateral view. 

3. Spicules. 

Female 5.54 to 6.8 mm long, 0.24 to 0.37 mm wide. Head bears four wavy, 
recurrent, non-anastomosing cuticular cordons 0.02 mm wide, extending 
posteriorly to 0.52 to 0.56 mm from anterior end, then turning forward to 
end 0.26 to 0.37 mm from anterior extremity. Head 0.03 mm in diameter, 
bearing two small triangular lips. Cylindrical vestibule, 0.09 to 0.1 mm long. 
Oesophagus bipartite, a muscular part 0.46 to 0.59 mm long, and a glandular 
part 1.68 to 1.91 mm long. Excretory pore situated behind nerve ring, 0.46 
mm from anterior end. Caudal end spirally coiled. Vulva situated 1.0 to 1.1 
mm from posterior end of body, leading into a short muscular ovejector. Tail 
0.1 mm long, rounded at tip. Eggs thick-shelled 280 to 320 uw by 160 to 180 pw. 


Discussion 

Three species of Dispharynx have been described from the Indian region. 
Dispharynx nasuta (= D. spiralis) was recorded by Baylis (1) from a bronze- 
winged jacana (Metopidius indicus) and from a domestic fowl. Singh (10) 
found D. nasuta in the jungle crow (Corvus macrorhynchus). This species has 
a wide geographical distribution and a wide range of hosts. Sanwal (7, 8) 
added two species, D. pavonis from a pea fowl (Pavo cristatus) and D. ketupae 
from a brown fish owl (Ketupa selonensis). 
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TABLE I 


Comparison of forms placed in synonymy under Dispharynx nasuta (Rudolphi, 1819) Railliet, 
Henry, and Sisoff, 1912 


(Measurements in mm) 


D. spiralis 
after Baylis, 
1936 


D. stonae 
Harwood, 
1932 





Males 

Size 

Pharynx 

Extent of cordons 
from anterior 
extremity 

Anterior oesophagus 

Posterior oesophagus 

Nerve ring 

Right spicule 

Left spicule 

Tail 

Precloacal papillae 

Postcloacal papillae 

Apical papillae 


Females 

Size 

Pharynx 

Extent of cordons 
from anterior 
extremity 

Anterior oesophagus 

Posterior oesophagus 

Nerve ring 

Vulva 

Tail 

Eggs 


-5-8.3 
-09-0.13 


-42-0.52 
-5-0.9 
-7-2.15 

2-0.4 
-4-0.52 
15-0.2 
.27-0.39 
pedunculated 
pedunculated 
small, 
pedunculated 


-hhOOCOFCO 


-5-10.2 
-12-0.15 


54-1.0 
05-0.9 
72.5 
2-0.4 
2-2.5 
0.11-0.15 
0.033-0.035 


oeroo 


-8-5.28 
il 


.30-0.37 
peduncalated 
pedunculated 
small, 

sessile 


-hhPOOCCOFKOCO 


3.7-5.0 
-09-0.11 


-35-0.45 


D. emberizae 
Yamaguti, 
1935 


-8 
092-0.14 


on 


-39-0.63 

-46-0.66 
54-2.17 

23 

39-0.49 
15-0.16 
28-0.39 

pedunculated 

pedunculated 

small, 

sessile 


NkPROCCOFCSO 


-4-7.7 
-092-0.14 


-39-0.63 
-46-0.66 
-54-2.17 
23 
-0-4.4:1 


.14 
-039-0.042 


D. pavonis 
Sanwal, 
1952 


4.8-5.9 
-097 


aor PROCOCOFKOCSO 


-35-0.45 
-55-0.6 
-79-1.95 


252-0.28 


-47-0.51 
-15-0.19 
-35-0.47 


pedunculated 
pedunculated 
small, 

sessile 


-25-7.5 
-14-0.18 


0. 
0. 
1. 
oO. 
1. 
0. 
0. 


625-0.75 
6-0.64 
875-2.3 
256-0 .38 
4-1.7 
13-0.18 
04 X0.025 


-hPOCOooroceo 


D. nasuta, 
present 
specimens 


pedunculated 
pedunculated 
small, 

pedunculated 


-4-6.8 
-09-0.1 


-52-0.56 
-46-0.59 
1.68-1.91 


i. 
0. 
0. 
0. 


0-1.1 
1 
028-0 .032 


x 
016-0.018 


oc ecocoroco 


x x x 
0.018-0.025 -02-0.021 0.022-0.025 





The present form belongs to the species D. nasuta but the female differs 
from the previous descriptions in the posterior extent of cordons, i.e. 1/19th 
of body length instead of 1/10th and in the position of the vulva, which lies 
at the beginning of the posterior sixth instead of at the posterior fourth of 
the body or slightly anterior to this point. These differences are considered 
to be variations within the species. 

Madsen (6) has synonymized D. stonae Harwood (5), D. emberizae Yamaguti 
(12), and D. nasuta (1, 3) but gave no reasons for this synonymy. The author 
agrees that these forms are conspecific and presents (Table I) a chart comparing 
these forms to show their great similarity. 

Another species, D. pavonis Sanwal (7), described from a pea fowl in India, 
should also be considered a synonym of D. nasuta. Goble and Kutz (4) had 
previously recorded D. nasuta from a pea fowl in New York. Sanwal apparently 
was unaware of the synonymy of D. emberizae with D. nasuta and also appears 
to have been misinformed as to the number of papillae present on the tail of 
the worms described as D. emberizae. There are 10 pairs of papillae, 2 of which 
are very small and located at the tip of the tail. 

It is apparent that recent specialists in this group do not attach importance 
to differences in the number of small sessile papillae at the tip of the tail. 
It is evident that the concept of the species must be broadened as regards the 
extent of cordons, the location of the vulva, and to include a variation of from 
one to three pairs of small, sessile, or pedunculated papillae at the tip of the 
tail, as already mentioned. 
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Fics. 4-10. Vigutera dicrurusi sp. nov. 

. Anterior region of male, lateral view. 

. End-on view. 

. Male tail, ventral view. 

. Male tail, lateral view. 

. Male tail, ventral view. 

. Anterior region of female, lateral view. 
10. Female tail, lateral view. 


D. nasuta resembles D. ketupae in the number of cloacal papillae and in the 
position of the vulva but can be distinguished from it in having a smaller body, 
sinuous rather than straight cordons, smaller spicules, and in not having the 
single bell-shaped caudal papilla that is placed mid-ventrally. However, this 
description was based on only one male and three females and, bearing in 
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mind the variability of D. nasuta and its wide host range, it is possible that 
when more material becomes available D. ketupae may also be shown to be a 
synonym of D. nasuta. 


Viguiera dicrurusi sp. nov. (Figs. 4-10) 
Host: Dicrurus macrocercus albirctus. 
Location: Stomach. 
Material: Five males, 17 females. 


Description 

Mouth elongated dorsoventrally. In end-on view (Fig. 5) on each side of 
mouth opening is a lateral sheet with four processes and immediately surround- 
ing the mouth are two slightly curved plates each of which bears a minute 
aperture or perhaps a papilla at each end. From beneath the lateral sheets, 
smaller dorsally and ventrally paired shields project. These are transparent, 
thin, leaf-like structures which may easily be overlooked. Amphids open on 
the head externally to the margin of lateral shields. Four submedian papillae 
located within sublateral incisions of lateral sheets. In lateral view (Fig. 4) 
two pairs of processes are seen extending from the lateral sheets and, with the 
pointed tips of the small dorsoventral shields, give an impression of three 
processes on each side of head. 

Male 6.02 to 6.98 mm long, 0.17 to 0.21 mm wide. Cuticle thin, finely 
striated, 0.01 to 0.02 mm. Two small cervical papillae 0.13 to 0.14 mm from 
anterior extremity. Mouth opens into cylindrical vestibule with thick walls 
0.03 to 0.04 mm long. Club-shaped oesophagus composed of short anterior 
portion, 0.36 to 0.4 mm long, and longer posterior glandular portion, 1.82 
to 2.42 mm long. Nerve ring 0.26 to 0.28 mm, and excretory pore 0.25 to 0.27 
mm from anterior end. Tail 0.3 to 0.36 mm long. Striated and fringed caudal 
alae appear to be joined posteriorly and to hold the tail permanently in a 
spirally rolled, corkscrew-like position from which it probably cannot be 
unrolled. Eight pairs of pedunculated preanal papillae (Fig. 8) situated at 
regular intervals. Four pairs postanal papillae (Fig. 7), the two most anterior 
of which are larger than the others and close to the anus. Spicules (Fig. 6) 
very unequal, the left tubular, slightly funnel-shaped, sheathed at anterior 
end, 1.1 to 1.24 mm long; the right, short, 0.16 to 0.19 mm long, trough-like, 
funnel-shaped at proximal end, and sheathed. Gubernaculum absent. 

Female 8.0 to 11.22 mm long, 0.24 to 0.28 mm wide. Cuticular striations 
0.02 to 0.022 mm apart. Head 0.02 mm in diameter. Two small cervical 
papillae 0.15 to 0.16 mm from anterior end. Cylindrical vestibule (Fig. 9) 
0.03 to 0.04 mm long. Anterior muscular oesophagus 0.34 to 0.5 mm long; 
posterior glandular oesophagus 2.2 to 2.92 mm long. Nerve ring 0.3 mm, 
excretory pore 0.26 to 0.28 mm from anterior end. Tail short, conical, 0.12 to 
0.14 mm long. Vulva (Fig. 10), a large circular aperture 0.16 to 0.17 mm from 
posterior end in front of anal aperture. Vagina with muscular coating and 
chitinous ring. Eggs thick-shelled and embryonated, 240 to 340 uw by 200 


to 230 mu. 
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Discussion 

This species belongs to the genus Viguiera of which V. euryoptera Seurat, 
1913 is the type species. Chabaud (2), when redescribing V. euryoptera, gave a 
detailed account of the characteristic features of the cephalic region of the 
genus on the basis of which he transferred Serticeps buckleyi and S. osmanhilli 
Yeh, 1954 (13) to the genus Viguiera. He also showed that Singh’s 1948 
description of the head of V. euryoptera was oversimplified, that is, that lips 
were present and that the disk-like structure of Singh’s description is in fact 
composed of two lateral cuticular sheets, and that four cuticular shields 
project from behind the lateral sheets. Chabaud called attention to the simi- 
larity of his interpretations of the structures to that of Sobolev, 1949. The 
present author agrees with Chabaud in his interpretation of the cephalic 
morphology of members of the genus Viguiera. 

The present form differs from V. buckley: (Yeh, 1954) and V. osmanhilli 
(Yeh, 1954) (13) in having two pairs of papillae instead of three in a row in 
the slightly curved plates surrounding the mouth. It differs from V. euryoptera 
Seurat, 1913 in the possession of two slightly curved plates which bear two 
minute papillae immediately surrounding the mouth, and in having eight 
instead of nine preanal and four instead of two postanal papillae. It can be 
further distinguished from these species in being smaller, in cephalic structure, 
and in the structure of the spicules which, in the new species, are tubular, 
funnel-shaped at the proximal end, and ensheathed, where as in V. osmanhilli 
the right spicule is short and stout, the left thin and pointed. In V. buckleyi 
the spicules are similar in shape, thin, and pointed. 

V. dicrurusi closely resembles V. euryoptera Singh (11) (not Seurat, 1913) 
from the same host in India, but differs from Singh’s description; Singh appears 
to have overlooked the two pairs of postanal papillae and the details of the 
cephalic structure which are difficult to see. Accordingly, I consider V. euryop- 
tera Singh, 1949 (not Seurat, 1913) a synonym of V. dicrurust. 


Key to the Species of the Genus Viguiera 


A. Eight to nine preanal and two postanal papillae. 
a. Eight preanal papillae, mouth has two crescentic lateral lips, each with three small 
papillae in a row. 
x. Both spicules thin and pointed, more or less the same shape V. buckleyi 
y. Spicules dissimilar, right spicule short and thick, left thin and pointed 
V. Osmanhilli 


b. Nine preanal papillae, mouth with no crescentic lateral lips . euryoptera 
B. Eight preanal and four postanal papillae V. dicrurusi 


Torquatella balanocephala Gendre, 1922 (Figs. 11-15) 


Host: Merops o. orientalis. 
Location: Intestine. 
Material: Four females only. 


Description 

Dimensions: 13.6 to 15.6 mm long, 0.16 to 0.18 mm wide. Diameter of 
head 0.04 mm, composed of complex arrangement of cuticular plates. In 
end-on view (Fig. 12) two semicircular apical plates are seen to surround 
mouth, and three small rounded apertures are visible below the plates. 
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Fics. 11-15. Torquatella balanocephala Gendre, 1922. 
11. Anterior region of female, lateral view. 
. End-on view. 
3. Head of female, lateral view. 
. Head of female, ventral view. 
. Female tail, lateral view. 


Extremely fine tooth-like edges border mouth within semicircular areas. 
Plates bearing amphids laterally on each side. Apically, these plates rounded 
at mid-points, pointed towards extremities. Plates bend posteriorly over 
surface of head, and are seen to be grooved along the mid-line. Two pairs of 
plates situated dorsal and ventral to the semicircular apical plates. Four 
papillae are located sublaterally in the four spaces between the paired dorso- 
ventral and lateral plates. The over-all impression is one of a head made up 
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of eight lobes separated from each other by grooves. In lateral view (Fig. 13) 
the head is seen to be constricted by a distinct collar. The two regularly 
arranged rows of plates—one behind the other—described by previous authors, 
are not clearly indicated. Instead, there is considerable overlapping of more 
anteriorly and posteriorly arranged rows of plates. Posterior dorsoventral 
plates are L-shaped. Anterior pairs are rounded. In ventral view (Fig.14) 
posterior pairs are seen to be thin with a rounded edge and deeply grooved 
along the mid-line. Prominent fleshy papillae extend anteriorly into the 
sublateral spaces behind the thin edge of the lateral plates. 

Fine transverse striations of cuticle. Cervical papillae near nerve ring 
0.16 to 0.2 mm from anterior end. Vestibule cylindrical with thick walls 
(Fig. 11), 0.12 to 0.15 mm long. Anterior muscular oesophagus 0.20 to 0.23 
mm long, posterior glandular oesophagus 0.49 to 0.55 mm long. Nerve ring 
0.2 to 0.22 mm and excretory pore opens directly below it, 0.2 to 0.24 mm 
from anterior end. Tail 0.16 to 0.18 mm long (Fig. 15), bluntly rounded. 
Vulva considerably behind mid-body, 4.3 to 4.5 mm from posterior end. Eggs 
thick-shelled, 500 to 570 uw by 150 to 170 yw in size. 

This is the first record of the present form from East Pakistan. It closely 
resembles T. balanocephala from the same host except in the structure of the 
cephalic region. It differs from the original description in the possession of 
three small rounded apertures below two semicircular apical plates around 
the mouth, in the structure of the lateral plates on each side of the mouth, 
being rounded in the middle and pointed towards the ends, and grooved along 
the mid-lines. In the present form the head is made up of eight lobes separated 
from each other by grooves instead of having a number of prominences. 
There also occurs considerable overlapping of the anteriorly and posteriorly 
arranged rows of plates instead of two regularly arranged rows, one behind 
the other, as described by previous authors. The posterior dorsoventral plates 
are L-shaped while the anterior paired dorsoventral plates are rounded. The 
present form has four papillae instead of eight located sublaterally in the 
four spaces between the paired dorsoventral and lateral plates. 


Castronodus strassenti Singh, 1934 (Figs. 16-20) 
Host: Crocidura caerula. 
Location: Nodules in stomach wall. 
Material: One male, two immature females, one fragment. 


Description 

Worms small, thin, spirally coiled, mouth (Fig. 19) surrounded by six 
cephalic papillae. Six tooth-like processes projecting into buccal cavity, of 
which the two median are larger than the others. Pharynx funnel-shaped 
(Fig. 18), its anterior border folded inwards, its wall divided into two separate 
halves. Oesophagus has a short narrow, muscular portion and a long, wide 
glandular portion. Narrow caudal alae present. Tail rounded at posterior 
end in both sexes. 
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Fics. 16-20. Castronodus strassenii Singh, 1934. 
16. Male tail, ventrolateral view. 

. Male tail, lateral view. 

. Anterior region of female, lateral view. 

. End-on view. 

. Female tail, lateral view. 


Male 19.0 mm long, 0.45 mm wide. Pharynx 0.07 mm long. Anterior mus- 
cular oesophagus 0.53 mm long, glandular oesophagus 3.55 mm long. Nerve 
ring 0.42 mm, excretory pore 0.51 mm from anterior end. Tail 0.25 mm long 
with 10 pairs of pedunculated caudal papillae (Fig. 17), of which 6 are preanal, 
1 adanal, 3 postanal. One small median papilla (Fig. 16) situated near the 
tip of tail. Spicules narrow, unequal; the right 0.64 mm long, funnel-shaped, 
broader at anterior and narrow towards posterior end. Left spicule 2.18 mm 
long, narrow, and tubular. Gubernaculum absent. 
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Female 5.72 mm long, 0.16 mm wide. Pharynx 0.04 mm long. Anterior 
muscular oesophagus 0.21 mm, glandular oesophagus 1.1 mm long. Nerve 
ring 0.19 mm, excretory pore 0.24 mm from anterior end. Tail (Fig. 20) 0.11 
mm long. Vulva not observed. 


Discussion 

The present form belongs to the species C. strassenii Singh, 1934 (9) but 
differs from previous description in the absence of two spine-like processes 
near the tip of the posterior end of the male; in the ratio of the size of spicules, 
which are 1:6 in C. strassenii and 1:3.5 in the present forms; in the possession 
of a small median papilla near the tip of the male tail; and in the possession 
of two median teeth larger in size than those described by Singh. 
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NUTRITION OF THE PALE WESTERN CUTWORM, 
AGROTIS ORTHOGONIA MORR. (LEPIDOPTERA :NOCTUIDAE) 


III. LYOPHILIZED SPROUTS AND LEAVES OF WHEAT AS A BASAL DIET 
FOR LARVAE, AND EFFECTS OF SUPPLEMENTATION WITH L-LEUCINE! 


A. J. McGInnis AND R. KASTING 


Abstract 


The pale western cutworm, A grotis orthogonia Morr., was reared from egg to 
adult in the laboratory when supplied with diets prepared from etiolated sprouts 
or 10-day-old leaves of Thatcher wheat that had been lyophilized, ground, 
and made up to 66.7% moisture content. A diet that contained 33.3% lyo- 
philized, 10-day-old Thatcher leaf and 66.7% water was inferior to one con- 
taining equal parts of wheat leaf and cellulose powder with the same moisture 
content. Although larvae fed a diet with 25% leaf tissue and 75% cellulose 
powder, ona dry-weight basis, developed more slowly and were smaller than those 
fed higher concentrations of leaf, some matured and emerged as adults. When 
the 25% leaf diet was supplemented with 14.3 mg of L-leucine per gram all the 
larvae died during the first two instars. Addition of this quantity of L-leucine to 
either the 50% leaf or the lyophilized sprout diets did not have such an effect. 
These results were interpreted as being due to an amino acid imbalance which, 
as with the rat, becomes apparent only on a suboptimal diet. 


Introduction 


In recent years attention has been focused on the relative quantities of 
particular amino acids in the diet and the effect of ‘imbalances’ among them 


(10). When certain amino acid ratios in the diet of the rat were altered by 
supplementation, growth of the animals was retarded (9). Normal growth 
was permitted when the same diet was supplemented with additional amino 
acids (3). Similar effects have also been reported for microorganisms (5), 
insects (20), and dogs (8). There was no information available, however, 
on the effects of amino acid ‘imbalance’ on growth of phytophagous insects. 
In the present studies with the pale western cutworm, Agrotis orthogonia 
Morr., the amino acid leucine was used because its addition to balanced 
diets for both rats and microorganisms adversely affected growth. 

Fresh wheat sprouts have been used for nutritional studies on the pale 
western cutworm (16, 18) but are not suitable for supplementation studies. 
Thus a suitable basal medium had to be obtained before it was possible to 
test the effects on cutworm development of supplementing the diet with an 
amino acid. Phytophagous insects generally have been difficult to rear on 
chemically defined diets although many species have been successfully reared 
in the laboratory when supplied with the appropriate fresh plant materials. 
Refrigeration and cooking have been used with some success to preserve 
mulberry leaves as food for the silkworm, Bombyx mori L. (17). Heat-dried 
plant tissue has been used in diets for grasshoppers and locusts (11, 13). 
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Lyophilization,? however, appears to have been generally overlooked as a 
means of storing plant tissues for nutritional studies with phytophagous 
insects. Thus, lyophilized sprouts or young leaves of wheat were tested as 
basal diets for the pale western cutworm. The results of supplementing these 
lyophilized diets with cellulose and/or an amino acid, L-leucine, are included. 


Materials and Methods 


Etiolated sprouts of Thatcher wheat grown for 4 days under standard 
conditions (18) and seedlings of the same variety grown for 10 days in a 
vermiculite-water culture were harvested and quick-frozen at —25° C. Some 
of each material was used without further treatment; the remainder was 
lyophilized and the dry product ground in a micro-Wiley mill to pass a 40- 
mesh screen. The ground meal was stored in the dark at room temperature 
until used. Several diets were prepared from lyophilized leaf meal that had 
been diluted with Whatman cellulose powder (standard grade), and these are 
described by the percentage of plant material on a dry-weight basis. For 
example, the 50% leaf diet contained equal parts by weight of lyophilized 
wheat leaf and cellulose powder. All diets were made up to a 66.7% moisture 
content by adding one of the following: distilled water, the distillate removed 
from the plant material during lyophilization, or an appropriate concentration 
of L-leucine® in distilled water. All prepared diets were subdivided into portions 
of about 1 g each, which were individually wrapped in aluminum foil and 
stored at —20°C. 

The larvae used were hatched from eggs laid by adults collected from the 
field or reared in the laboratory, as described by Jacobson and Blakeley (14). 
All larvae were reared individually in 60X15 mm petri dishes, the bottoms 
of which were covered with moist blotting paper disks. The larvae were 
transferred daily to clean petri dishes and supplied with fresh food. Records 
were taken of molting, body weight at the molt or 2 days thereafter (19), 
and mortality. 

The lyophilized sprouts and leaves were analyzed for nitrogen by the 
micro-Kjeldahl method (1). The free leucine content of the lyophilized leaf 
tissue was estimated by isolating it from an 80% ethanol extract of the tissue. 
The extract was fractionated by successive band chromatography in four 
solvent systems: -butanol, acetic acid, water (4:1:5); ethanol, ammonium 
hydroxide (95:5); m-butanol, methylethylketone, ammonium hydroxide, 
water (50:30:10:10); and 95% ethanol. After a chromatogram was developed 
in a solvent, the leucine band was eluted with water, and the eluate was con- 
centrated and reapplied to a paper sheet for development in the next solvent. 
The eluate from the final chromatogram was concentrated and aliquots were 
analyzed colorimetrically with ninhydrin for leucine content. 


2Moisture is removed by evaporation from the frozen state in a high vacuum. 
’Purchased from California Foundation for Biochemical Research. 
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Results and Discussion 


Fresh sprouts have proved to be an excellent food for rearing larvae of the 
pale western cutworm under laboratory conditions (18). Table I shows that 
the diets prepared from lyophilized sprouts permitted larval development 
that compared favorably with that on fresh sprouts. The pupal weights 
were also indicative of a good diet (18) and generally all larvae that reached 
the sixth instar pupated. More of the larvae survived on the reconstituted 
diet that contained distillate than on the one with water. The superiority 
of the diet containing distillate appears to be related to first-instar survival. 
Beneficial effects of distillate have been noted also in other experiments not 
reported here. Consequently, whenever possible, diets containing lyophilized 
plant material have been reconstituted by adding the appropriate distillate. 

Table I shows that fresh-frozen sprouts were also a satisfactory food for 
larvae of the pale western cutworm. This is in contrast to studies with Cisseps 
(Scepsis) fulvicollis (Hbn.) (Lepidoptera: Amatidae) wherein larvae fed on 
frozen grass grew slowly and only a small percentage matured (7). The frozen 
wheat sprouts lacked the firm texture of the fresh wheat sprouts but this did 
not prevent the larvae from feeding. 

Although fresh, fresh-frozen, and lyophilized wheat sprouts were satis- 
factory diets for the cutworm, it was desirable to find a more easily obtained 
basal medium for nutritional studies. Because fresh young wheat leaves are a 
satisfactory food for the pale western cutworm, lyophilized leaf tissue was 


TABLE I 


Development, survival, and weights of pale western cutworms fed Thatcher wheat sprouts 








No. of larvae Mean Repre- 
entering instar time sentative 
No. of ————————_ (days) to pupal 
Diet larvae 2 5th molt weight (mg) 


Lyophilized sprouts* + distillate 20 25 322 
20 4 


26 322 
26 342 
27 380 


Lyophilized sprouts + water 
Fresh-frozen sprouts 19 
Fresh sproutsT 17 


*5.45% nitrogen on a dry-weight basis. 
tRepresentative data from other experiments. 


TABLE II 


Development, survival, and weights of pale western cutworms fed Thatcher wheat leaves 








Mean time Mean larval 
No. of larvae (days) to weight (mg) 
entering instar —_—__—_—_——_— at molt 
No. of = ——————— 5th Max. 
Diet larvae 2 6 molt weight* o -& 


Lyophilized leaves + 
distillate 15 13 12 24 33 24 120 332 
Lyophilized leaves + 
26 109 304 


water 15 11 
Fresh-frozen leaves 15 21 79 203 


*Beginning of prepupal weight loss (18). 
+5.12% nitrogen on a dry-weight basis. 
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DAYS AFTER HATCHING 


Fic. 1. Growth of larvae fed diets with different proportions of lyophilized wheat leaf 
meal and cellulose powder. 


investigated. Table II shows that diets prepared from lyophilized Thatcher 
wheat leaves were superior to fresh-frozen leaves and compared favorably 
with lyophilized sprouts (Table 1). The lyophilized leaf diet with distillate 
was not superior to the one containing water. 

Studies with rats have demonstrated amino acid ‘imbalances’ when low 
protein diets were fed, but supplementing an optimum diet with the same 
quantities of the amino acid had no effect (9). Therefore, in the present 
experiments it was desirable, before testing amino acid supplements, to 
determine the effects on cutworm growth of diets containing less plant tissue. 
Groups of 20 newly hatched larvae were fed diets containing 0, 6}, 123, 25, 50, 
75, and 100% lyophilized wheat leaf. The larvae fed the 0 and 6}% diets 
survived for an average of 6 and 10 days, respectively, and none molted 
into the second instar. The 50 and 75% diets permitted good development 
and were superior in this respect to the 123, 25, and 100% diets (Fig. 1). 


TABLE III 


Rate of development and survival of pale western cutworm larvae fed 
lyophilized wheat leaves and cellulose powder 








% Ast instar Average no. Hatching to 
Diet, %* survival instars emergence (days) &% survivalt 


10 


*Percentage dry weight of lyophilized wheat leaf. 
tPercentage of insects emerging as adults. 
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Table III shows that the 123% diet allowed only poor development and 
low survival. The 25% diet was much better but was inferior to the others. 
Most of the larvae fed the 50, 75, and 100% diets passed through only six 
larval instars, as did larvae fed fresh wheat sprouts (18). The best larval 
survival and adult emergence occurred on the 50% diet. The 100%, and toa 
lesser extent, the 75% diets were sticky, causing the small larvae to stick 
to the food. This apparently caused high first-instar mortality. 

The 25% leaf diet was used for L-leucine supplementation studies because 
it had a low nitrogen content (1.28% on a dry-weight basis) and allowed 
acceptable cutworm development. Diets that contained 1.8, 3.6, 7.2, and 14.3 
mg L-leucine per gram of moist diet were prepared from this basal medium. 
Table IV shows that larvae fed the diets supplemented with L-leucine 
developed more slowly and were smaller than those fed the basal diet. It 
was also noted that some larvae fed on each of the diets initiated a molt but 
failed to shed the exuviae completely. This phenomenon was observed before 
and appears to be associated with inadequate diets. There were more in- 
complete molts among the larvae fed the diet containing 7.2 mg L-leucine 
per gram than among those containing less leucine. The diet containing 


TABLE IV 


Survival and growth of larvae of the pale western cutworm fed 25% leaf diets 
supplemented with L-leucine 








Leucine 
supplement No. of % survival Mean days from Mean weight (mg) 
(mg/g) larvae at 4th molt hatching to 4th molt 2 days after 4th molt 


TABLE V 


Effect on survival and development of the pale western cutworm of adding L-leucine to 
lyophilized wheat leaf diets diluted with cellulose 








Mean larval 
Mean time weight (mg) 


No. of larvae (days) 2 days 
entering instar to molt after molt 


No. of — 
Diet larvae a 2 = & 2 fF 4 x 
27 86 


2 
50% Thatcher leaf 30 16 16 16 16 10 15 20 9 
50% Thatcher leaf + 
29 19 16 16 16 12 17 24 & 2 @& 
5 
6 








14.3 mg L-leucine/g 
25% Thatcher leaf 29 21 19 19 19 2 18 (2% 13 36 
25% Thatcher leaf + 

7.2 mg L-leucine/g 29 24 16 15 14 13 20 27 16 38 
25% Thatcher leaf + 

14.3 mg L-leucine/g 28 S. yey 4 i -2F -_—- 


*All but one died prior to this instar. 
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14.3 mg L-leucine per gram permitted essentially no larval development; 
only one of the 20 larvae molted once and all were dead by the 12th day. 

The effect of quantity of plant tissue in the diet was tested by supplementing 
both the 25% and the 50% wheat leaf diets with L-leucine. Table V shows that 
the addition of 14.3 mg of L-leucine per gram to the 50% diet reduced larval 
weights slightly but did not increase the mortality rate. The addition of the 
same quantity of leucine to the 25% diet caused death of all but one of the 
larvae during the first two instars. However, when only 7.2 mg was added 
per gram of 25% leaf diet the effect was much less severe and the results 
were more comparable to those from the 50% diet, which had the same 
leucine:plant tissue ratio. Other experiments showed that development and 
survival of larvae were not affected by feeding lyophilized wheat sprouts 
supplemented with 14.3 mg L-leucine per gram of moist diet. These results 
indicate that with the pale western cutworm an amino acid ‘imbalance’ can 
be obtained by supplementing a suboptimal diet with L-leucine but, as with 
the rat, little effect could be demonstrated by adding the same quantity of the 
amino acid to an optimum diet. 

It is not known how excess leucine interferes with cutworm development. 
Since the larvae appeared to accept the leucine-supplemented diet as readily 
as the control, it is unlikely that the detrimental effects of supplementation 
can be attributed to reduced food consumption. Studies with the corn borer 
(2) showed that supplementation of a diet with leucine actually made it more 
attractive than the basal medium. Further, the increase in osmotic pressure 
caused by leucine supplementation does not appear to be responsible for the 
high larval mortality. The osmotic pressure should be highest in the 50% 
leaf and the lyophilized sprout diets that were supplemented with 14.3 mg 
leucine, yet mortality was significantly lower than that in the 25% leaf diet 
containing the same quantity of added leucine. Because of the foregoing 
it appears that excess leucine in the diet interferes with utilization of ingested 
food. 

Friend et al. (6) have suggested that amino acid ‘imbalance’ may contribute 
to the resistance of plants to certain insects. The present study showed that 
this plant-feeding insect, the pale western cutworm, was adversely affected 
by supplementing an adequate but suboptimal diet with L-leucine. The results 
could be due to an amino acid ‘imbalance’. On a dry-weight basis the lyo- 
philized wheat leaf contained about 200 wg of free leucine per gram, which 
agrees, in order of magnitude, with earlier analyses for total free leucines (15). 
The total leucine content of wheat leaf has been reported as 2.3% on a dry- 
weight basis (21). Thus the addition of 14.3 mg of leucine per gram of 25% 
leaf diet constituted about an 800-fold increase of free leucine and was equiv- 
alent to a 7-fold increase of total leucine. Consequently the quantity of 
leucine required to affect the insects, as shown by these experiments, appears 
to be much greater than that which could be obtained in the wheat plant by 
either plant breeding methods (12) or environmental control (4). 
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McGINNIS AND KASTING: PALE WESTERN CUTWORM. III 
Conclusions 


1. Fresh-frozen etiolated sprouts of Thatcher wheat were a satisfactory 
food for larvae of the pale western cutworm. Fresh-frozen 10-day-old leaves, 
however, were also satisfactory but were inferior to the sprouts. 

2. Diets prepared from sprouts or 10-day-old leaves of Thatcher wheat 
that had been lyophilized, ground, and made up to 66.7% moisture content 
permitted good growth and development of the pale western cutworm. These 
diets were satisfactory as basal media for studying the effects of adding 
supplements. 

3. A diet that contained equal parts of wheat leaf meal and cellulose powder 
allowed better growth and development of the pale western cutworm than 
did diets that contained either more or less cellulose. The minimum con- 
centration of leaf meal in the diet that allowed development acceptable for 
amino acid supplementation studies appeared to be near 25% on a dry- 
weight basis. 

4. Most of the larvae fed a 25% leaf diet that contained 14.3 mg of L- 
leucine per gram died during the first instar. Larvae fed diets supplemented 
with smaller quantities of L-leucine were less affected. The addition of 14.3 
mg of L-leucine per gram to a 50% leaf diet or to lyophilized wheat sprouts 
had little effect. 
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HOST RELATIONSHIPS OF APHIDIUS TESTACEIPES (CRESSON) 
AND PRAON AGUTI (SMITH), PRIMARY PARASITES OF APHIDS! 
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P. S. SEKHAR? 


Abstract 


The host relationships of the braconid A phidius testaceipes with the aphids 

Aphis gossypii and Myzus persicae, and those of another, Praon aguti, with the 
aphids Macrosiphum rosae and Macrosiphum pisi were ascertained. Another 
aphid host, Myzus circumflexus, was common to both. 

A. lestaceipes preferred A. gossypii on squash to the aphid on hibiscus, and 
M. persicae on tobacco to that on radish. P. aguti did not show such plant host 
discrimination. Although A. testaceipes preferred M. persicae to A. gossypii, the 
latter was more suitable for successful parasitization, while M. rosae, the pre- 
ferred host of P. aguti, was more suitable than M. pist. During the extended 
absence of preferred hosts, the species lodieeniisinatns attacked various stages 
of an unusual host, M. circumflexus, the number of attacks exceeding that on 
preferred hosts. Cases of successful parasitization were few, giving rise to 
abnormally small offspring incapable of effecting successful parasitization. 

The parasite species were very active on warm sunny days at temperature 
29° C and relative humidity 72%, and we performed the maximum number of 
strikes at 29°C and 28°C respectively. A decrease in the field population of 
A. testaceipes coincided with an abundance of the hyperparasite Asaphes fletcheri 
(Crawford). 






















Introduction 






In studies of insect parasitism, the subject of host—parasite relationships 
deserves considerable attention. This subject in the case of A phidius testacetpes 
(Cresson), a primary parasite of aphids, had been studied by several workers 
(2, 6, 9, 10, 11, 12), while only limited information exists in the case of an- 
other primary, Praon aguti (Smith) (6). This paper is an attempt to elucidate 
and compare the host relationships of the two primary parasite species in two 
of the important phases: host selection and host suitability. 

The effect of physical factors on the above phases as well as on the abund- 
ance and activity of the two parasite species is also dealt with in brief. 













Materials and Methods 






The following species of aphids, collected from various localities on the 
campus of the University of Massachusetts, Amherst, Mass., U.S.A., were 
selected as hosts for the present studies. 










PARASITES Hosts 


A. testaceipes A phis gossypit Glov. (cotton aphid) 
Myzus persicae Sulz. (green peach aphid) 
Myzus circumflexus Buckt. (crescent-marked lily aphid) 


P. aguti Macrosiphum rosae L. (rose aphid) 
Macrosiphum pist Kalt. (pea aphid) 
Myzus circumflexus Buckt. 









1Manuscript received March 31, 1959, and, as revised, February 12, 1960. 
Contribution from the Department of Entomolog By, University of Massachusetts, Amherst, 
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The original specimens of A. testaceipes were secured from the University 
greenhouses and those of P. aguti from neighboring outdoor localities. The 
parasites were identified by Dr. C. F. W. Muesebeck of the U.S. National 
Museum. 

The parasites were fed and reared according to the methods developed 
earlier (3, 8, 9). Observations on host selection by the parasite species were 
conducted by making use of the equipment described before (7). All hosts 
were kept under careful observation for at least 10 days prior to the introduc- 
tion of parasites. This was done to detect and eliminate any previously 
parasitized hosts as well as to bring the population of hosts to a required level 
comprising all different stages. Ample care was also taken to avoid mixing 
of the different species of aphids. 

In most cases, alternate host plants were substituted for the hosts on which 
the aphids were first collected. This was done for the convenience of using 
plants well adapted to confined conditions. The cotton aphid was cultured on 
squash (Cucurbita sp.); the peach aphid on radish (Raphanus sp.); the rose 
aphid on rose (Rosa sp.); the pea aphid on peas (Pisium sativum) and on 
fava beans (Vicia sp.); and the crescent-marked lily aphid on morning glory 
(Convolvulus arvensis). 

The experimental temperatures varied from 25° to 35°C and the relative 
humidities from 75 to 90%. 


Abundance 


Collections were made on 3 days a week from May to October, 1954, in 
three selected localities on the campus to ascertain the abundance of A. 
testaceipes and P. aguti. Locality A was shrubby and open, locality B was 
shrubby and shady, and locality C was grassy and open with widely scattered 
apple trees. One hour was spent at each locality with the collecting times 
alternated among them. Each locality was swept with a net and the parasite 
species in the collected material were identified and counted in the laboratory. 

It is seen from Table I that the total number of P. agutz collected was quite 
uniform in all three localities while A. testaceipes was as abundant only in 
locality C. In locality B, the collected population of A. testaceipes was only 
about one-fifth and in locality A, three-fourths that of P. aguti. 


TABLE I 


Abundance of A. testaceipes and P. aguti on the campus as shown by collections made 
from May to October 1954 at three stations 


Station A Station B Station C 


Month ; 5 : Pa 


May 

June 

July 
August 
September 
October 


Total 


Note: A—shrubby open; B—shrubby shady; C—grassy open with apple trees; A.t—Aphidius testaceipes; 
P.a—Praon aguti. 
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As described elsewhere (7), the greatest reduction in the population of 
A. testaceipes in locality B coincided with an increase in the population of the 
hyperparasite Asaphes fletchert (Crawford). Apparently, the greater degree 
of preference of A. fletcheri for A. testaceipes and the prevalence of more 
favorable environmental conditions for the activity of the hyperparasite 
kept down the population of A. testaceipes at locality B. 


Activity 


Table II gives a general picture of the influence of various outdoor conditions 
on the activities of the two parasite species. The observations are recorded in 
eight categories depending upon the physical conditions of the day involved. 
The gradient of activity is divided into four arbitrary levels: active, very 
active, few active, and very few active, in relation to the temperature and 
relative humidity that prevailed at the time of observations in each category. 

It is evident that the activities of the two parasite species were controlled 
to similar degrees by environmental conditions common to both. The greatest 
activity of the two species occurred on warm sunny days with temperature 
at 29°C and relative humidity at 72%. Hot days restricted the activity as 
did hazy and windy days. Cloudy and hazy days with wind and rainy days 
completely obliterated parasite activity. 


Effect of Temperature on Ovipositional Strikes 


Different groups of seven newly mated females for each parasite species 
were observed individually from 25° to 32°C at one-degree intervals. A 
parasite in a group was observed while being allowed to strike numerous 
aphids for an hour at a specific temperature and this was repeated for the 
remaining six of the group at the same temperature with fresh groups of aphids. 
Table III shows the average number of strikes for each species at the various 
temperatures. 

In the case of A. testaceipes, the maximum number of ovipositional strikes 
was accomplished at 29° C while the same for P. aguti occurred at 28° C. At 
higher temperatures, the former showed a greater retardation in ovipositional 
activity than the latter. For example, at 31° C A. testaceipes refrained from 
attacking except when they were artificially kept among the hosts. Even in 


TABLE II 
Activity of the adults of A. testaceipes and P. aguti in the field 


General Relative 


conditions 


Warm and sunny 
Hot and sunny 
Haze 

Windy and sunny 
Cloudy 

Rain 


7 
Cloudy and windy 


Haze and windy 


A. testaceipes 


Very active 
Few active 

Few active 

Few active 
Very few active 
None 

None 

None 


P. aguti 


Very active 
Active 

Few active 
Few active 
Very few active 
None 

None 

None 
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TABLE III 


Effect of temperature on the rate of ovipositional strikes 
by A. testaceipes and P. aguti 


















Number of ovipositional strikes* 





A. testaceipes 


: Fe a; 
26 33,4 13: 


Temperature, °C 
















NVPUOAPLL 






*Average for seven parasites each of A. testaceipes and P. aguti 
at each temperature. 









such cases, the parasites did not remain among the hosts for more than 1 or 2 
minutes. P. aguti, on the other hand, carried on ovipositional attacks even up 
to 32° C although the number was few. It was also seen that attacks by either 
parasite species above the optimum temperature resulted in very few success- 
ful emergents and these were mostly males. 

The hosts showed an abnormally increased activity at and above 30° C. 
This may partly account for the fewer number of strikes executed by a parasite 
at such temperatures as compared to the optimum. 












Host-Parasite Relationships 








Three distinct processes (host finding, host selection, and host suitability) 
contribute to the determination of host acceptance of a parasite (5). 

The ability of parasites to find and select their hosts varies with the species 
and the environment. If the physical factors of the environment are conducive 
to parasite activity, logically a parasite with an earlier ecological niche of 
activity can begin host finding and host selection earlier than other species. 

Complex biotic factors also influence these processes. To begin with, several 
species of parasites are attracted to the environment occupied by the animal 
host through the influence of the food plants of the host, and the plant which 
supplies the maximum stimulus for attack is selected. This has been reported 
from Haiti in the case of A. testaceipes (4). After a species of plant is selected, 
the parasite may encounter several species of hosts, a single species, or none. 
Naturally, if many species of hosts exist, a selective ability of the searching 
parasite would be advantageous since there is certain to be some variation in 
the degree of adaptability of the parasite to its possible hosts. Among the hosts 
which supply the necessary attraction stimulus, only those of a certain instar 
are able to arouse the instinct of attack of the parasite. This process of elimina- 
tion of a particular host species, plant or animal, in preference to another, is 
termed host selection. 

The nature and extent of this phenomenon in the case of A. testaceipes and 
P. aguti were studied in the laboratory and are discussed below. 
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TABLE IV 


The selective responses of A. testaceipes to different host plants of aphids 








Strikes on successive days,* Average Control 
¢ per average per 

parasite parasite 

Host plant 4 per day per day 


average per parasite 








A. gossypit 
Squash ; ; ‘ 0 . 10.44 23.20 
Hibiscus ; A -6 6.24 22.80 


M. persicae 
Radish 6.0 9.8 : - : 7.46 24.60 
Tobacco 8.8 17.6 18.8 ; ‘ 11.76 24.75 


*Each parasite was observed for an houra day. | 
tFive parasites were studied with each aphid species. 





Plant Host Selection by A. testaceipes 

Independent observations were conducted on the following species of aphids 

on their respective host plants: 

A. gossypii on hibiscus, squash, 

M. persicae on tobacco, radish. 
A total of five parasites were studied individually with fresh groups of an 
aphid species cultured on two plant species kept in one cage. A parasite was 
allowed to strike an hour per day on 5 successive days. Controls consisted of 
keeping the individual plant species and the aphids thereon in two separate 
cages to prevent a liberated parasite from having access to both plant species 
at a time. 

The data in Table IV show that the parasites, under conditions of simul- 
taneous access to two species of plants, decidedly preferred A. gossypii on 
squash. However, in the control cage, aphids on either plant species received 
similar numbers of strikes. With M. persicae, the parasites selected a larger 
percentage of hosts on tobacco than on radish, while, in control, again, the 
degrees of parasitism were similar on both plant species. 

The above observation indicated that plant hosts of aphids did influence 
host selection by A. testaceipes. Whether the same course of selection as that 
observed in the laboratory would occur on two plants or beds of plants in the 
field was not studied. 


Plant Host Selection by P. aguti 

The influence of host plant species on host selection by P. aguti was not 
determinable in the case of M. rosae since only one suitable plant species 
(rose) was available to culture the aphid. However, M. pisi was cultured on 
peas and fava beans and tests similar to those for A. testaceipes were conducted. 
These tests, in contrast to those for A. testaceipes, showed no significant 
difference in the behavior of P. aguti towards the two plant species. 

After a parasite has selected a species of plant host bearing various species 
of animal hosts, discrimination of a species of animal host from another would 
obviously arise. This phenomenon in the case of the two parasite species was 
verified by the following laboratory experiments. 
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Aphid Host Selection by A. testaceipes 

Each of a total number of five parasites was given simultaneous access to 
two species of aphids, M. persicae on tobacco and A. gossypii on squash, 
kept side by side in one cage at hourly periods on 5 successive days. The 
results (Table V) showed that, in the above conditions, M. persicae was more 
often selected than A. gossypii. This discrimination might possibly be based 
on the greater total amount of attraction stimulus offered by the former aphid 
species with its host, tobacco. On the other hand, the average for five parasites 
in the control showed that each aphid species, in the absence of the other, 
served as an almost equally qualified host for the parasitic attack. 


Aphid Host Selection by P. aguti 

The experiment was conducted as discussed above with the hosts M. rosae 
on rose and M. pisi on peas. From the results (Table V), the following con- 
clusions were drawn. (a) When the two species of hosts were simultaneously 
exposed to the parasite under similar conditions, there were significantly 
more strikes on M. rosae than on M. pisi. (b) When the two species of hosts 
were exposed to parasitism in separate cages (control), the number of strikes 
was about equal on both species. 


Physical Conditions Governing Host Selection by A. testaceipes and P. aguti 

The general pattern of behavior of the parasites in discriminating and 
selecting species of aphid hosts has been discussed above. With this informa- 
tion in hand, attempts were made to determine the influence of light, tempera- 
ture, and relative humidity on host selection. 

That light did influence host selection was shown by the fact that at night, 
when temperature and humidity were kept at the same level as during day, 
the parasites preferred to rest on the sides of the glass cage or on the cheese- 
cloth covering the mouth of the cage, even in the presence of preferred host 
species. This nighttime inactivity was always reversed when sufficient light 
was provided under favorable temperature conditions. On cloudy days, the 
parasites were less active, even when temperature and humidity were as high 
as on sunny days. Under controlled conditions in the laboratory, a greater 


TABLE V 
Aphid host selection exhibited by A. testaceipes and P. aguti 
Strikes on successive days,* Average Controlf 
average per parasite per average per 
Aphid Host §———_——__ parasite parasite 
species plant 1 2 3 4 5 per day per day 


As testaceipes 


M. persicae Tobacco 6.8 17.2 18.8 6.8 3.8 10.68 24.25 

A. gossypit Squash 5.8 9.8 15.4 se 3.0 8.24 23.0 
P. aguti 

M. rosae Rose 5.0 9.6 20.0 15.8 13.6 12.8 25.4 

M. pisi Pea 3:2 4.4 7.8 11.0 11.4 7.56 24.9 


*Each parasite was observed for an hour a day. 
tFive females of each parasite species were employed. ; , 
Each of a group of five females of a parasite species was given access to a host species. 
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percentage of strikes was effected on hosts in an area of higher light intensity. 
Increase in light intensity often promoted activity among parasites. After 
a number of strikes was performed by the parasites, a great number of them 
flew towards the source of light. 

Under outdoor conditions, the parasites were very active on warm sunny 
days with temperature at 29° C and relative humidity at 72%. Their increased 
activity under these conditions probably enabled the parasites to locate and 
select a larger percentage of hosts than otherwise. Laboratory studies showed 
that A. testaceipes possessed a shorter temperature range of activity than 
P. aguti (Table III). Above 32° C the parasites were abnormally active and 
continuously attempted to escape without showing any inclination to seek 
or select hosts. 

The effect of humidity was evident from observations in the field. As 
already shown (Table II), the parasites were not seen in the open on rainy 
days. On hot, dry days, the parasites usually occupied the under surface of the 
leaves regardless of the location of hosts. This might have been due to the 
high level of moisture at such locations or to escape the high temperature. 

Although the parasites generally controlled aphids in favorable environ- 
mental conditions, it was observed that a drop in parasite activity, as pro- 
duced, for example, by rainy weather, provided a chance for the hosts to 
multiply and retain numerical superiority. Such a condition had been reported 
earlier (1) where it was shown that aphid hosts, in general, could breed well as 
low as 10°C and this was not greatly retarded until a mean temperature 
below 5° C was reached, whereas the activity of A. testacetpes terminated 
completely at 14° C. 

When the physical conditions of the environment were at optimum for the 
activity of A. testaceipes and P. aguti, the two species were found to attack 
occasionally another aphid host species not normally selected. This species 
was the crescent-marked lily aphid, Myzus circumflexus Buckt., on its host 
plant, morning glory. Whether such attacks resulted in successful oviposition, 
development and emergence of offspring warranted scrutiny. Hence the 
following laboratory experiment was conducted. 

Numerous crescent-marked lily aphids cultured on morning glory were 
subjected to the attacks of mated females of A. testacetpes and P. aguti in 
separate cages. It was known that the two parasite species under optimum 
conditions in the laboratory, when preferred hosts existed, began oviposition 
4-85 and 2-70 minutes after mating respectively (6). However, since the 
author observed that the parasite species did not attack an unusual host like 
M. circumflexes until 8 hours after mating, the mated parasites were liberated 
into the cages enclosing the above aphid species only on the lapse of the 
aforesaid period. Observations were conducted at the temperatures 29° and 
28° C which were already found optimum for the ovipositional activity of the 
two parasite species respectively. A total of seven parasites of each species was 
studied individually for an hour each. The number of attacks on the host 
species is given in Table VI. 
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TABLE VI 


The number of ovipositional strikes by A. testaceipes at 29° C and P. aguti at 28° C on 
M. circumflexus 


Average percentage of strikes 


Host stage A, testaceipes P. aguti 





Newborn 44.9 46.03 
Half-grown 5.8 10.30 
Alate adult oo0 4.40 
Apterous adult 45.3 39.10 


Total strikes by seven parasites 238 202 


Average per parasite 34 28.85 


It was seen that a high percentage of strikes was accomplished on newborn 
aphids which were often selected for attack, especially when they remained 
in close proximity to the mother. Probably odor played a part in promoting 
such attacks. Strike attempts on alate hosts did not give rise to any progeny, 
and in many instances, the attacking parasites were rendered helpless as they 
became entangled in the exudates from the cornicles of the hosts. Attacks on 
apterous adults were almost equal in number to those on newborn hosts and 
the former resulted in a few successful emergents. Strikes on newborn and 
half-grown hosts produced no offspring. Random examination of several 
individuals of the respective stages which were apparently struck by the 
parasites showed that eggs were laid in most of the cases but, in a majority, 
they failed to hatch. It was also observed that the number of strikes by the 
parasites often exceeded that made in the same interval and under the same 
optimum temperature on normal host species (Tables VI and III). Further, 
both the species selected a comparatively small number of half-grown indi- 
viduals of M. circumflexus whereas in the case of preferred host species these 
were more often selected. Whether such attacks were due to the decrease 
in the powers of discrimination of the parasite species or merely to the absence 
of preferred host species was not critically ascertained. 


Host Suitability 


The extent of suitability of a host species determines the degree of successful 
parasitism achieved by a parasite species. The former could, however, vary 
with different species of hosts included in the host list of a parasite species. 
The factors that contribute to such variations as mentioned earlier (5) are 
that a host should be suitable for attack, for oviposition, for the development 
of the immature stages, and for the emergence of the imago. How far these 
factors were, in general, fulfilled by the available host species of A. testaceipes 
and P. agutt is briefly discussed below. 
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TABLE VII 
Host suitability in A. lestaceipes and P. aguti 






Average per parasite (for 5 days) 












Host Strikes* Sessiles Progeny 






A. testaceipes 
M. persicae 53.4 48.2 36.8 
A. gossypii 41.2 39.6 36.0 










P. aguti 
M. rosae 64.0 61.4 51.6 
M. pisi 37.8 34.4 28.8 











*Each of a total of five females of a parasite species was allowed to strike an hour a day with simultaneous access 
to two species of hosts. 









A. testaceipes 

It was seen that A. testaceipes attempted more strikes on M. persicae than on 
A. gossypit (Table VII). The total number of strikes that each received aver- 
aged 53.4 and 41.2 respectively when a parasite was given simultaneous 
access to the two host species, an hour per day for a total period of 5 days. 
From the number of offspring secured from the respective host species it 
became obvious that there was 31.08% loss of parasitism in the former as 
opposed to 12.62% in the latter. The unsuccessful cases could have been due 
to futile strikes or to the failure of various parasite stages to complete develop- 
ment. Nevertheless, the proportions of successful emergents from each host 
species suggested that A. gossypii was more suitable than M. persicae for 
successful parasitization. 


















P. aguti 

It may be seen in Table VII that a parasite attempted almost double the 
number of strikes on M. rosae than on M. pisi, the respective figures being 
64.0 and 37.8. The total percentage loss of parasitism was 19.37 in M. rosae 
as opposed to 23.80 in M. pisi. Thus, the resulting number of offspring was 
more in the former than in the latter host species, which indicated that 
M. rosae was more suitable than M. pisi for successful parasitization by 
P. aguti. 

It has already been mentioned that the two parasite species at times attacked 
M. circumflexus on morning glory though this host species was highly unsuitable 
for successful parasitization. Of the several strikes that were executed, only a 
few gave rise to successful emergents. The emerged parasites were abnormally 
small in size and they seemed to lack discrimination during host selection. 
Further, the manner of attack by such parasites often proved detrimental 
not only to the production of their progeny but also to themselves, since the 
striking parasites frequently became entangled in the exudates from the 
cornicles of the hosts. Observations with the parasites reared from M. cir- 
cumflexus are elucidated by the following experiments. 
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Five parasites—A. testaceipes—reared from M. circumflexus were indi- 
vidually allowed to attack M. persicae and A. gossypii cultured in a common 
cage, for an hour on each of the 5 successive days of observations. The same 
procedure was adopted for P. aguti reared from M. circumflexus on the hosts 
M. rosaeand M. pisi. The number of strikes made by each species was observed 
under the optimum temperatures, 29°C for A. testaceipes and 28°C for 
P. aguti. The number of sessiles as well as the number of emergents were 
recorded. The control group consisted of M. circumflexus serving as hosts 
for the parasite species reared from the same host species. 


TABLE VIII 


Degrees of parasitism accomplished by A. testaceipes and P. aguti reared from 
M. circumflexus on the same (control) and other hosts 








Totals for five parasites in 5 days 











Control A.t Pa 
A.t P.a M.p A.g M.r M.s 
Strikes 20 29 24 22 27 17 
Sessiles 10 18 6 6 12 6 
Progeny 4 9 2 4 + 1 


NoTE: A.t—A. testaceipes, P.a—P. aguti, M.p—M. persicae, A.g—A. gossypii, M.r—M. rosae, M.s—M. pis. 


The results (Table VIII) showed that the number of strikes attempted by 
either parasite species developed in M. circumflexus was low as compared to 
that by the species which developed in their respective suitable host species 
(Table VII). The number of sessiles procured was also low in all hosts. The 
number of progeny resulting from M. persicae was only 8.3% of the total num- 
ber of strikes attempted by A. testaceipes as compared to 18.1% from A. 
gossypit. With P. aguti, the numbers of emerged progeny from the hosts 
M. rosae and M. pisi were 14.8% and 5.8% of the strikes respectively. 

Since the host species attacked were already found to be suitable for suc- 
cessful parasitization, in different degrees, it seemed logical to expect that the 
increased percentage of failure of parasitism in the present case could have 
been due to the inadequate and abnormal development that the striking 
parasite species had in an unsuitable host, viz. M. circumflexus. This was 
further substantiated by the data obtained from the control group, which 
showed that neither parasite species reared from M. circumflexus could 
successfully parasitize the same host species to a great extent. 
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THE VARIABILITY OF THE NUMBER OF ROSTELLAR HOOKS 
IN TWO SPECIES OF ECHINOCOCCUS FROM NORTH AMERICA! 


G. LUBINSKY 


Abstract 


Examination of six populations of E. multilocularis sibiricensis and nine 
populations of the Canadian Echinococcus has shown that in all of them the 
number of rostellar hooks was extremely variable. Over 90% of scoleces of the 
first species had from 20 to 32 hooks, the mode being 28. Over 90% of scoleces 
from the second species had from 28 to 40 hooks, the mode being 32. The differ- 
ence between the populations was always statistically significant, despite a 
considerable overlap of the summary variation curves. Of the scoleces of the 
Canadian E. granulosus, 98.5% lie within the limits of variation pointed out by 
Leuckart for the European E. granulosus, 28 to 50 hooks, 


Introduction 


The shape and size of rostellar hooks are important characters for the 
differentiation of species of the cestode genus Echinococcus (1). The value of 
the number of these hooks in the taxonomy of this genus is, however, debatable. 
Whereas some authors, for example Ortlepp (8) and Wardle and McLeod 
(13), regard this number as an important taxonomic character, Rausch (9) 
states that in his opinion “‘the number of rostellar hooks is so variable as to be 
worthless as a specific character in the genus Echinococcus.” 

In the present paper an attempt is made to examine the variability of the 
number of hooks in Echinococcus multilocularis sibiricensis (Rausch and 
Schiller) (10) and to compare it with corresponding data based on the study 
of Echinococcus from Canadian mammals. The first species can be designated 
as ‘‘rodent hydatid.”’ Its natural intermediate hosts are Microtinae, though 
some species of Cricetinae and Murinae can be infected experimentally. Its 
main definitive hosts are white foxes (Alopex lagopus). The second species, 
that infecting Canadian deer (and also man), has as its definitive hosts timber 
wolves and dogs. It is morphologically similar to and probably identical with 
E. granulosus, though it may differ biologically from the European strains 
of this species. 

Materials and Methods 


The oncospheres of E. m. sibiricensis were received at the Institute of 
Parasitology from Dr. R. Rausch of the Arctic Health Research Center, 
Anchorage, Alaska; the strain started with this material was maintained by 
alternate passage through muskrats and dogs. Dog No. 1 was infected from a 
muskrat and yielded the oncospheres for the infection of the rodents which 
are listed in Table I. Dog No. 2 was infected with cysts from the muskrat 
belonging to this group. 


‘Manuscript received February 2, 1960. 
Contribution from the Institute of Parasitology, McGill University, Macdonald College 
P.O., Que., Canada, with financial assistance from the National Research Council of Canada. 
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TABLE I 
Echinococcus multilocularis sibiricensis. Number of hooks in larval and adult scoleces 





Observed Age of 
0, C. V., limits of | helminths 
Host M + om + +(%) variation (days) 





Number in larval scoleces 


Ondatra zibethicus 25.92 +0.39 3.92 171 
Dicrostonyx groenlandicus 26.0 +0.45 4.54 69 
Sigmodon hispidus 27.40+0.32 3.22 89 
Microtus pennsylvanicus 27.98+0.27 ate 76 


Number in adult scoleces 
Dog No. 1 (from muskrat, 
1st transfer) 27.40 +0.38 3.79 
Dog No. 2 (from muskrat, 
2nd transfer) 27.30+0.33 3.34 


305 


4 


MUSKRAT —— 
{ COTTON RAT --- 











l2 16 20 24 2 32 24 28 32 3% 40 44 48 52 


Fic. 1. Variation of the number of hooks in populations of E. multilocularis sibiricensis 
from dogs No. 1 and No. 2, and a muskrat and cotton rat infected from dog No. 1. Dog 
No. 2 was fed cysts from the muskrat. 

Fic. 2. Upper curve, variation of the number of hooks in the population of E. granulosus 
from a dog fed Echinococcus cysts from several reindeer from Reindeer Depot, N.W.T. 
Lower curves: variation in larval populations from Rangifer tarandus (R), Alces alces (A), 
Cervus canadensis (C), and a human cyst from Ontario (H). 


The material from Canada included hydatid cysts from moose and elk 
collected by Dr. L. P. E. Choquette in Alberta; a cyst from reindeer collected 
by Dr. Guy Cousineau at Reindeer Depot, N.W.T., in December 1959; and a 
human cyst from the lungs of an Indian woman from Fort Hope, Ontario, 
operated on in Fort William Sanatorium by Dr. E. A. Rohr. Two cysts of 
pigs from England and from the State of Mississippi, U.S.A., respectively, 
were also examined. 
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The material of adult Echinococcus of Canadian origin consisted of a popu- 
lation of cestodes from dog No. 4 infected by Dr. G. K. Sweatman by feeding 
cysts of reindeer from Reindeer Depot, N.W.T., and of the cestodes from dog 
No. 3 fed cysts of an Alberta moose. 

Scoleces were cleared in lactic acid, which dissolves the calcareous bodies, 
and compressed between slide and cover glass. In each population hooks of 
100 scoleces with normal oncotaxy, that is, without any deletions or dupli- 
cations of hooks, were counted. The small peripheral and apical hooklets not 
differentiated into blade and handle were disregarded, but well-formed hooks 
of the third row when present in even numbers were counted. 


Results 


Table I shows that the average number of rostellar hooks in both the larval 
and adult populations of E. m. sibiricensis varied from 26 to 28, that is, within 
very narrow limits. The limits of variation of this number within each popu- 
lation examined were, however, much wider. For example, in the population 
of scoleces from the cysts of the muskrat, the number of hooks varied from 12 
to 32, with an average of 25.92. All curves for this species were negatively 
skewed and of an almost identical shape (Fig. 1). 

The material from the Canadian intermediate hosts of E. granulosus 
showed a much wider variability than that from the laboratory strain of 
E. m. sibiricensis. The arithmetic means for different populations of larval 
scoleces from deer varied from 30.36 to 35.26; the mean for the human cyst 
was 38.40, the highest observed in our material (Table II). The corresponding 
variation curves were positively skewed (Fig. 2, lower curves), as were the 
curves for the adult cestodes from the experimentally infected dogs (Fig. 2, 
upper curve). 

TABLE II 


Echinococcus granulosus (Canadian material). Numbers of hooks in larval and adult scoleces 


Observed Age of 
‘ C. V., limits of tapeworms 
Host M+t+onm = variation (days) 
Number in larval scoleces 
Rangifer tarandus, Reindeer 

Depot, N.W.T. 30.36+0.18 84 
Alces alces (No. 1), Alberta 31.36+0.19 .90 
Alces alces (No. 2), Alberta 31.88+0.20 .96 
Cervus canadensis (No. 1), 

Alberta, Nov. 1959 34.98 +0.28 .56 
Cervus canadensis (No. 2), 

Alberta, Dec. 1959 35.26+0.19 .92 
Cervus canadensis (No. 3), 

Alberta, Jan. 1960 32.48 +0. 2: 
Human cyst, Ontario 38.40+0.: 5.24 
Pig cyst from U.S.A. 29.32 +0.2: 2.45 
Pig cyst from England 35.34+0. 2.68 


Number in adult scoleces 


Dog No. 3 (from moose) 34.58+0.28 2.76 ; 28-38 
Dog No. 4 (from reindeer) 34.60 +0. 34 3.38 : 30-46 


24-40 
28-36 
26-36 


28-42 
30-42 
28-42 
30-52 


22-36 
28-42 
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Fic. 3. Summary variation curves for the number of larval hooks of E. multilocularis 
and E. granulosus. (See text.) 


Figure 3 represents summary curves of the number of hooks in scoleces 
from the intermediate hosts of E. m. sibiricensis on the one hand, and from 
those of Canadian E. granulosus on the other. The curve for the first species 
is based on four populations of 100 larval scoleces each from four of the experi- 
mentally infected rodents (a muskrat (Ondatra sibethicus), a lemming (Dicro- 
stonyx groenlandicus), a vole (Microtus pennsylvanicus), and a cotton rat 
(Sigmodon hispidus)). The curve for E. granulosus is also the sum of four 
curves: those for the reindeer, moose No. 1, elk No. 1, and man. Both curves 
are skewed, the curve of E. m. sibiricensis negatively, that of E. granulosus, 
positively. The mean values are 26.66+0.18 and 33.96+0.22 hooks, respect- 
ively. The difference between these values, 7.3 hooks, exceeds its probable 
error 26 times and is thus statistically significant. It has to be pointed out, 
however, that the admissibility of the inclusion of the “human”’ curve into 
the summary curve is debatable: its mean differs widely from that of the 
curves from deer and both its configuration and the presence of numerous 
anomalies of oncotaxy in the scoleces from the human cyst described elsewhere 
(7) may indicate that this cyst is teratological, its abnormality being probably 
caused by the sojourn in an abnormal host. There are no grounds to postulate 
the presence of a special ‘“‘human”’ variety of Echinococcus in Canada. 

Somewhat aside from the rodent and deer material is that from the two 
pigs, one from England and the other from the central United States (Missis- 
sippi). The variation curves of these two populations are shown in Fig. 4, 
and the corresponding figures summarized in Table II. The scoleces from the 
English pig had an average of 35.34 hooks with a variation of from 28 to 42, 
which is well within the limits of variation of E. granulosus. But the vari- 
ation curve for the scoleces of the Mississippi pig, with a mean of 29.32 and 
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Fic. 4. Variation of the number of hooks in scoleces from pigs from Mississippi (U.S.) 
and England (E). 







limits of variation from 22 to 36, was intermediate between the curves char- 
acteristic of E. granulosus and E. m. sibiricensis. It is possible that the 
cyst from this pig does not belong to either of these species, though the num- 
bers of rostellar hooks of its scoleces are close to those of E. m. sibiricensis. 

Only four populations of adult Echinococcus have been examined, two 
of E. m. sibiricensis and two derived from cysts of Canadian deer (Tables 
I, I1). As in the case of the larval populations the curves for the adult scoleces 
were also skewed, those of E. m. sibiricensis negatively and those of E. granulo- 
sus positively. It is interesting that the means for the adult populations 
were close to the upper limits of variation of means for larval populations; 
this may indicate that the possession of a small number of hooks is of negative 
survival value for the adult worms. 














Discussion 






The comparison of differences of means in different pairs of larval popu- 
lations with the standard errors of these differences shows that the group of 
populations of E. m. sibiricensis examined is far more homogenous than 
that of E. granulosus (Table II1). Within the group of larval populations 
of FE. m. sibiricensis only one. difference, that between the scoleces from the 
vole and from the muskrat, was statistically significant. In the group of 
populations from deer and man, however, the differences between the numbers 










TABLE III 


Statistical significance of differences in mean numbers of hooks in the populations examined 





M, — M 
Pairs of hosts M, — M, V(om:? + om?) V(om:? + om?) 














Dicrostonyx-Ondatra 





Sigmodon—Ondatra 1.48 0.50 2.96 
Microtus—Ondatra 2.06 0.46 4.47 
Alces—Rangifer 1.0 0.26 3.85 
Cervus No. 2—Cervus No. 3 2546 0.28 9.93 
Cervus No. 3—Alces No. 2 0.60 0.28 2:12 
Homo-Cervus No. 2 3.14 0.56 5.60 
Homo-Rangifer 8.02 0.55 14.62 
Rangifer—Microtus 2.36 0.33 9.03 
Dog No. 3 - Dog No. 1 7.18 0.47 15.28 





Dog No. 4 - Dog No. 2 7.30 0.47 15.52 
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of hooks in cysts from different species of hosts were significant. Unexpected 
was the finding of a significant difference between the populations from two 
specimens of Cervus canadensis (No. 2 and No. 3) taken in the same locality. 
The difference of the means in these populations exceeded its probable error 
almost 10 times and was thus highly significant. 

It is interesting that the number of hooks in the population from Cervus 
canadensis No. 3 was close to that characteristic of scoleces from moose 
taken in the same locality. Whether the differences in the character and range 
of variation of the number of hooks from Canadian deer are genotypic or 
environmentally induced cannot be decided upon the basis of the material 
at hand. Yet the existence of statistically significant differences between the 
population from the vole and the muskrat infected with the same strain of 
E. m. sibiricensis indicates that the influence of host factors cannot be 
excluded. It is possible also that the number of hooks is dependent on other 
factors, such as age of the cyst, diet of the host, etc. 

The difference between the mean number of hooks of E. granulosus from 
dog No. 3 and of E. m. sibiricensis from dog No. 1 was 7.18. It exceeded 
its probable error 15 times and was thus statistically highly significant 
(Table III). The comparison of the larval population of E. m. sibiricensis 
possessing the largest mean number of hooks, that from the vole, with the 
population of E. granulosus with the lowest number of hooks, that from 
the reindeer, shows that the difference between these means exceeds its 
probable error 9 times, and is significant (Table II1). 

The material examined thus falls naturally into two groups, that from E. m. 
sibiricensis with mean numbers of hooks varying from 25.92 to 27.98, and 
that from Canadian deer and man, with means varying from 30.36 to 38.40. 
The modes vary from 26 to 30 in the first group and from 30 to 34 in the 
second. The summary curves for these two groups overlapped; about 20% 
of scoleces of both E. m. sibiricensis and E. granulosus possessed 30 hooks 
(Fig. 3). All values for the modes of the two groups of populations were 
situated within the range of overlap, 24 to 36 hooks (cf. Figs. 1-3). The 
joined overlap of the asymmetrical curves was about 40%, thus well above 
the maximum permissible according to the 75% non-overlap rule, sometimes 
arbitrarily used for the differentiation of populations on the subspecific level. 
The coefficient of difference based on the assumption that the curves are 
symmetrical is 0.90 and is thus below the conventional level of subspecific 
difference, 1.28. These facts, nevertheless, do not question the specific dis- 
tinctness of E. m. sibiricensis and E. granulosus, which can be easily 
differentiated on the basis of other morphological and biological characters 
. (12). 

It may be of some interest to compare our data concerning the number of 
hooks in E. m. sibiricensis and in the Canadian E. granulosus with 
those of other authors. Table IV summarizes such data published since 
von Siebold (11) described the hitherto unknown adult form of E. granulosus 
which he had obtained experimentally. Von Siebold pointed out that the 
number of rostellar hooks in this cestode varies from 28 to 36. Within these 
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limits lie 79.8% of variants of our summary curve for larval E. granulosus, 
whereas the much wider limits pointed out by Leuckart (6), 28 to 50 hooks, 
embrace 98.5% of individuals of this curve. It is interesting that the width 
of variation of the number of hooks in the human cyst from Ontario, 30 to 
52, coincides almost exactly with the limits pointed out by Leuckart. The 
range of variation of the scoleces of this cyst almost covers that of Kiichen- 
meister’s Echinococcus altricipariens, 46 to 54 hooks (5). This author regarded 
the human Echinococcus producing daughter cysts (‘‘altricipariens’” = 
giving birth to others) as a separate species possessing a very large number of 
hooks. It may be conjectured that the increase in the number of hooks in 
scoleces from human cysts is caused by host factors, a supposition which is 


obviously in need of further confirmation. 


TABLE IV 
Numbers of hooks in Echinococcus granulosus and E. multilocularis 








Numbers 





Year Original designation Stage of hooks Reference 
1853 Taenia echinococcus Adult 28-36 Von Siebold (11, p. 423) 
1855 Echinococcus scolicipariens Adult 28-36 Kiichenmeister (5, p. 192) 
1855 E. altricipariens Larvae 46-54 Kiichenmeister (5, pp. 
205, 220) 
1863 E. granulosus Adult 30-40 Leuckart (6, p. 586) 
1863 E. granulosus Larvae 28-50 Leuckart (6, p. 587) 
1927 E. granulosus Adult 32-38 Cameron (2, p. 273) 
1934 E. granulosus Adult 30-36 Ortlepp (8, p. 107) 
1949 E. granulosus Adult 32-40 Dévé (3, p. 36) 
1883 E. alveolaris Adult 24-28 Klemm, fide Vogel 
(12, p. 405) 
1953 E. sp. indet. Adult 30 (26-36) Rausch (9, p. 242) 
1954 E. sibiricensis Adult 30 (26-36) Rausch and Schiller 
(10, p. 660) 
1957 E. multilocularis multilocularis Adult 31 (26-36) Based on Vogel’s data 
(12, p. 425) 
Present E. multiloculars sibiricensis 
paper (summary curve) Larvae 27 (12-36) 
E. multilocularis sibiricensis Adults 27 (14-34) 
E. granulosus (summary curve) Larvae 34 (24-52) 
E. granulosus Adult 35 (28-46) 





Leuckart’s figures, 28 to 50, have gained wide acceptance in international 
literature and are cited in textbooks of parasitology in Germany, France, 
Spain, Brazil, England, the United States, and the U.S.S.R., whereas the 
original figures of von Siebold, 28 to 36, appear only in a few monographs 
(4, and some others), though slightly different numbers, 32 to 38 and 32 to 
40, were cited by French, English, and Japanese authors (2, 3, 14). 

The range of variation of the numbers of hooks of E. alveolaris Klemm (a 
synonym of E. m. multilocularis, the European rodent hydatid), 24 to 28, 
embraces 60.7% of variants of the summary curve for the larval scoleces of 
E. m. sibiricensis, and 51 and 62% of adult scoleces from dogs No. 1 and No. 2, 
respectively. Our data suggest that the practical limits of variation in the 
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numbers of hooks in this last subspecies may be set at 20 to 32; this range 
embraces 93.2% of variants of the summary curve based on the material 
from experimentally infected rodents. The corresponding limits for larval 
scoleces of the Canadian E. granulosus can be set at 28 to 40; this range includes 
91.2% of variants of the summary curve for these intermediate hosts (Fig. 3). 
The mode for this curve is 32 hooks, while that for larval E. m. sibiricensis 
is 28 hooks, although scoleces with 26 hooks are almost as frequent as those 
with 28. The mean number of hooks for the summary curve and for single 
populations of E. m. sibiricensis examined were thus lower than those given 
by Rausch (9) and Rausch and Schiller (10), 30 hooks. On the other hand, 
figures for Canadian E. granulosus coincide well with existing data for European 
representatives of this species. Though the examination of the variation of 
the number of hooks in Canadian Echinococcus has thus not provided a new 
criterion for its differentiation from the Palearctic representatives of E. granu- 
losus, it has confirmed the correctness of Leuckart’s view concerning the 
wide variation range of the number of hooks in this species. Indeed, the 
standard deviations of the populations of Canadian E. granulosus varied 
from 1.84 to 5.24, the ranges of variations varying from 11 to 31 hooks. 
The use of the number of hooks of Echinococcus for taxonomic purposes neces- 
sitates the examination of a considerable number of scoleces and a careful 
statistical and biological evaluation of the data obtained. 
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THE CELLS OF A NORMAL LYMPH NODE! 
DonaLp B. McMILLAN? AND VIBEKE E. ENGELBERT® 


Abstract 


This paper presents a description of the cells of the normal mesenteric lymph 
node of the rabbit. The work evolved from a study of the developmental history 
of the plasmacyte in this organ. The imprint method was used in the preparation 
of —— Several cellular stages not previously recorded in the literature are 
described. 


Introduction 


For a study of the cells of lymphoid tissue, imprints yield greater cytological 
detail than is obtained in sectioned material and this, together with the 
technical simplicity of the method, makes it the procedure of choice in such 
an investigation. There is no detailed description in the literature of the cells 
of imprints of lymphoid tissue and therefore the following description of cells 
obtained by the imprint method should be useful in studies of this tissue. 
This work evolved from a study of the developmental history of the plasmacyte, 
or plasma cell (6), and is part of a broader study concerning blood cell repro- 
duction and behavior (1, 3, 4). 

In previous studies (3) it was shown that active physical extension and 
contraction of the nuclei resulted in extreme changes in nuclear shape of the 
cells of blood-forming organs. These alterations were often rapid and occurred 
at different stages in the life history of the cells (3, 4) and were not degenera- 
tive changes. Some extensions were so extreme that almost threadlike struc- 
tures were formed and the extended nuclei appeared to be almost without 
cytoplasm. Contractions produced densely staining nuclei which are remi- 
niscent of the nuclei called ‘“‘pycnotic’”’ in the literature. In some cases con- 
tractions have led to the extrusion of nucleoplasm thereby surrounding the 
apparently naked nucleus with a rim of ‘‘cytoplasm’”’ (3). It was pointed out 
that such extreme variations in the shape of these cells should be regarded as 
expressions of different stages in their life history and not as degenerative 
stages. The extended nuclei are cut at many points in the sectioning method 
and are not preserved in their fully extended state by the smear method. 
Only the imprint method preserves the completely extended nuclei. 

In imprints of lymph nodes similar stages of extended and contracted 
nuclei were found (6). Since there is no detailed description in the literature 
of the cells of the lymph node obtained by the imprint method it seemed 
logical to present such a description before reporting details of the experi- 
mental work involving these cells. Furthermore, in order to understand the 
developmental history of blood cells, all stages of nuclear behavior must be 

1Manuscript received November 16, 1959. 

Contribution from the Department of Zoology, University of Toronto, Toronto 5, Ontario, 
and the Department of Zoology, University of Western Ontario, London, Ontario. 


*Department of Zoology, University of Western Ontario. 
’Department of Zoology, University of Toronto. 
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considered. It is necessary to study all of the cell types both in the fixed and 
living condition and not to dismiss nuclei of an odd shape as degenerative 
(3, 4) or as examples of ‘“‘pycnosis”’ or ‘‘karyorrhexis’’. 

The morphology of blood cells has been one of the most complex studies 
in histology because of the great numbers of cellular variations which occur. 
As mentioned earlier, to understand the developmental history of blood cells, 
all stages of the behavior of cells and nuclei must be considered. The com- 
plexities in the classical descriptions of the morphology of blood cells have 
arisen because the blood cells are able to change rapidly from one stage to 
another and thus present what appear to be many different types of cells in the 
same preparation. It is our purpose to describe the cellular stages as far as 
possible and to relate them to the classical types which are well known from 


the literature. 


Materials and Methods 


The imprints were obtained by removing mesenteric lymph nodes from 
normal rabbits of Ontario farm stock (Oryctolagus cuniculus). Each node was 
cut through the center with sharp scissors and the cut surface pressed gently 
against a clean slide. Cells of the organ adhered to the slide and the imprints 
were fixed immediately either by inverting them over iodine crystals until 
they became brown, or by immersing the slides in absolute methanol. Only 
minor differences are seen in the quality of the preparations from either 
method, but iodine vapor is preferred since with it there is no danger of cells 
detaching themselves from the slides during fixation. Fixation was followed 
by staining with the May-Griinwald—Giemsa technique as modified from 
Conn and Darrow (2) and Jacobson and Webb (5). This is a good stain for 
many different types of cells since nucleus, nucleolus, and cytoplasm appear 
in easily distinguishable tones of color. 

Some imprints were fixed by immersion in Zenker’s fluid* for 5 minutes 
and were subsequently stained by the Feulgen nucleal technique to detect 
desoxyribonucleic acid. 

In all, 600 slides, bearing at least five imprints each, were prepared from 
25 normal rabbits. 


Morphology of Cells of the Imprint 


The following types of cells are encountered in an imprint prepared as above. 
In many cases the stages as described are arbitrarily chosen from transitional 
forms of a continuous developmental series. 


a. Blast Cells 
The term “‘blast cell’’ is used here for the large mother cells. The blood 


mother cell best known from the literature is the myeloblast of the bone 
marrow which is usually described as a large, more or less rounded cell with a 
large nucleus surrounded by a rim of basophilic cytoplasm. Other mother 


*Zenker’s fluid: Mercuric bichloride, 5.0 g; potassium bichromate, 2.5 g; distilled water, 
100 ml. Immediately before use 5 ml of glacial acetic acid was added. 
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cells which have been described include the haemohistioblast, the haemocyto- 
blast, and the reticular cell. All of these blast cells, or mother cells, are not, 
we believe, different types but different developmental or different behavior 
stages of similar cells and of a type which may be seen in imprints of both 
spleen and lymph node in our material (Figs. 4 and 5). We believe the descrip- 
tion of the myeloblast (see above) applies to only one stage in the behavior 
of this blast cell and that this same cell can undergo extreme elongation or 
contraction (3, 4). The elongation and contraction affects the nucleus in 
particular and in many cases very little, if any, cytoplasm is present. 

In earlier publications it was pointed out that blood mother cells similar 
to myeloblasts pass through many stages of behavior which lead to the 
formation of new blood cells (3, 4). In the present paper the sequence of 
behavior is described for cells in which the shape of the cell and the nucleus 
is often quite different from the classical example. It is our belief that the 
classical example of a blood mother cell represents only one particular stage 
in behavior which was selected by earlier haematologists because it represented 
what was regarded as a normal cell. All other stages in behavior were dis- 
regarded as representing degenerating cells. In the following, therefore, the 
morphology of various stages of the blast cells occurring in the lymph nodes 
will be described according to the above new concept. The cells described 
represent stages which we believe are part of the developmental history of 
this cell. 

As mentioned earlier no cytoplasm is visible in some blast cells and these 
appear as naked nuclei. When a rim of cytoplasm is visible, this is agranular 
and shows varying degrees of basophilia. The nucleus of the blast cell stains a 
brilliant violet color with the May-Griinwald—Giemsa stain. The various 
stages in the development of this cell have been designated as follows. 


1. Elongated Blast Cell 

The elongated blast cell (Fig. 1) has little or no cytoplasm and a nucleus 
which can attain lengths up to 300 uw; it sometimes appears as little more than 
a long thread (see Figs. 1 and 1a in reference 4). These nuclei are so aligned 
in an imprint that they radiate from the center. Figure 1 shows a blast cell 
extended to a length of 120 uw. The chromatin material is concentrated to a 
slight degree at the periphery and occurs throughout the nucleus in the form 
of long strands lying parallel to the longitudinal axis. These strands probably 
represent extended ‘‘basic nuclear units’’ (3). The elongated nuclei are 
Feulgen-positive. 

Both elongated and spherical vesicles (VE) are seen between the masses of 
chromatin. Vesicles, which are produced by other stages of the biast cell 
nuclei as well, become completely free of the mother nucleus, and play a role 
in the development of blood cells (3, 4). 

In Fig. 1 the elongated blast cell shows a twist near its mid-point. These 
elongated nuclei move through their surroundings in a spiral fashion and when 
they are fixed during this activity the twists are preserved. 
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The elongated nuclei have been neglected in the literature because they 
have been considered as degenerating cells. In the spleen, however, it has 
already been shown that they are important in the life history of blood cells 


(3, 4). 


11. Contracted Blast Cell 
The contracted blast cells are more or less round or ovoid with a diameter 


ranging from 12 to 20 uw (Figs. 2, 3, 4, 5, and 6). Five different stages of blast 
cells are shown in the figures; two stages are almost naked nuclei (Figs. 2 and 3) 
while others possess a rim of cytoplasm (Figs. 4 and 5) which may be extended 
to form tongue-shaped processes (Fig. 6, PR). These almost naked nuclei 
must not be considered as degenerating stages but as precursors of stages 
similar to those shown in Figs. 4, 5, and 6. The almost naked nuclei are able 
to contract and produce the rim of ‘‘cytoplasm”’ which is in reality nucleo- 
plasm which has been extruded from the contracting nuclei (3, 4). The affinity 
for stain and the amount of the cytoplasm vary, exhibiting all degrees from 
a narrow rim of an almost invisible blue (Fig. 4) to a broad rim of a mid-blue 


(Figs. 5 and 6). 


b. Lymphocytes 
The small lymphocyte is the one cell which has been accepted as a normal 


cell in spite of its small amount, or complete lack, of cytoplasm; in blood 
smears the lymphocytes often appear as almost naked nuclei. Nevertheless 


they are accepted as healthy blood cells. 

The lymphocytes of the lymph node are 6 to 15 uw in diameter and have been 
classified as small (6 to 8 uw), medium-sized (9 to 12 w), and large (13+ yp). 
They are round to oval and a narrow rim of pale, basophilic, agranular cyto- 
plasm may or may not be visible (Figs. 11, 12, 13, 14, and 15). The nuclei 


Fics. 1 to 21. Cells from an imprint preparation of a lymph node of the normal rabbit 
stained by the May-Griinwald—Giemsa technique. Drawings made using colored pencils. 
x 1850 

Fic. 1. Elongated blast cell with little cytoplasm (VE = vesicle). 

Fic. 2. Ovoid blast cell with little cytoplasm (VE = vesicle). 

Fic. 3. Contracted blast cell with little cytoplasm. 

Fic. 4. Contracted blast cell with a narrow rim of cytoplasm of an almost invisible 
pale blue. 

Fic. 5. Contracted blast cell with rim of basophilic cytoplasm. 

Fic. 6. Contracted blast cell with tongue-shaped cytoplasmic processes (PR). 

Fic. 7. Blast cell plasmablast. 

Fic. 8. Blast cell plasmablast with cytoplasmic processes (PR). 

Fic. 9. Blast cell proplasmacyte (JU = juxtanuclear space). 

Fic. 10. Blast cell plasmacyte, or plasma cell (JU = juxtanuclear space). 

Fic. 11. Small lymphocyte with no apparent cytoplasm. 

Fic. 12. Lymphocyte with narrow rim of basophilic cytoplasm. 

Fic. 13. Medium-sized lymphocyte with no apparent cytoplasm. 

Fic. 14. Large lymphocyte with no apparent cytoplasm. 

Fic. 15. Lymphocyte extended to a length of 20 yw. 

Fic. 16. Lymphocytic plasmablast. 

Fic. 17. Lymphocytic plasmablast with cytoplasmic processes (PR). 

Fic. 18. Lymphocytic proplasmacyte (JU = juxtanuclear space). 

Fic. 19. Lymphocytic plasmacyte, or plasma cell (JU = juxtanuclear space). 

Fics. 20 and 21. “Popcorn cells’’; note the ‘‘bubbly’”’ appearance of the protoplasm. 
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of the lymphocytes are stained in varying shades of violet, purple, or blue 
with May-Griinwald—Giemsa stain. The chromatin of the lymphocytes shows 
individual masses which have been named “basic nuclear units’’ (3, 4). We 
believe that an understanding of the behavior and life history of these basic 
nuclear units will, eventually, lead to an understanding of the development 
of blood cells. This description will be left for a later paper, however, since it 
is necessary to describe the behavior and development of the entire nucleus 
before the behavior of the basic nuclear units can be understood. 

The lymphocytes show similar variation in the amount of cytoplasm to 
that seen in the blast cells. Like the blast cell the lymphocyte can elongate, 
but not nearly to the same extent; an elongated lymphocyte may attain a 
length of 30 w (Fig. 15). Elongated lymphocytes move through the tissues 
in a way similar to that of the elongated blast cells. Many lymphocytes 
exhibit cytoplasmic extensions as described by Engelbert (3) and Blair (1). 


c. Plasmacytes or Plasma Cells 

Plasmacytes, or plasma cells, are present in the normal lymph node but 
only in small numbers. They are variable in size, from 8 to 20 uw in the longest 
diameter. They have a large amount of basophilic, agranular cytoplasm and a 
relatively small, eccentric nucleus (Figs. 10 and 19). The cytoplasm adjacent 
to the nucleus is often more lightly stained than the remainder of the cyto- 
plasm; this is the juxtanuclear space (JU). The cytoplasm has a foamy appear- 
ance with pale, tapiocalike globules enmeshed in a dark matrix. Two types of 
plasmacytes have already been described in the imprint of the lymph node, 
the lymphocytic plasmacyte (Fig. 19) and the plasmacyte of blast cell origin 
(Fig. 10) (6). Often neither type shows the Radkern,* sometimes considered an 
essential feature of the plasmacyte. The origin of the two types of plasmacyte 
(one from the lymphocytes and the other from the blast cell) will be described 
in a later paper. 


t. Lymphocytic Plasmacytes 
These are small plasmacytes, 8 to 15 yw in the longest diameter with a 
nucleus similar to that of the lymphocytes (Fig. 19). 


it. Plasmacytes of Blast Cell Origin 

These plasmacytes are larger than lymphocytic plasmacytes, having 
diameters of 12 to 20 uw; the nucleus is somewhat similar to that of the con- 
tracted blast cell. The blast cell plasmacytes stain more lightly than the 
lymphocytic plasmacytes with respect to both the nucleus and the cytoplasm 


(Fig. 10). 


d. Developmental Stages of Plasmacytes 

1. Plasmablasts 

Early stages of plasmacytes of both types are seen (lymphocytic plasma- 
blasts, Figs. 16 and 17; blast cell plasmablasts, Figs. 7 and 8). The plasma- 
blasts are distinguishable from their progenitors by their cytoplasm which is 


*A nucleus with coarse masses of chromatin arranged in the form of spokes in a wheel. 
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more intensely basophilic. Cytoplasmic extensions are often seen on plasma- 
blasts (Figs. 8 and 17, PR). The lymphocytic plasmablast (Fig. 16) has a 
nucleus similar to that of a lymphocyte but its cytoplasm is intensely baso- 
philic. The blast cell plasmablast (Fig. 7) is larger than the lymphocytic 
plasmablast and resembles the contracted blast cell in size and shape but the 
cytoplasm is intensely basophilic. 


it. Proplasmacytes 

The proplasmacyte is intermediate between plasmablasts and plasmacytes 
but occurs in both developmental types mentioned above (Figs. 9 and 18). 
In each type the nucleus has become eccentrically placed and the amount of 
cytoplasm has increased from the condition found in the plasmablast. A 
juxtanuclear clear area has appeared in the cytoplasm (JU). 


e. ‘‘Popcorn Cells”’ 

Just as some of the blast cells have not been recorded in the literature, 
another cell stage, called here the ‘‘popcorn cell’, has generally been ignored 
(Figs. 20 and 21). This cell is characterized by an almost naked nucleus pos- 
sessing several vesicular extensions around the periphery which give the cell 
the appearance of an exploded kernel of popcorn. The extensions have an 
orange-violet tint with the May-Griinwald—Giemsa stain. The nucleus is more 
or less round in outline and from 10 to 20 uw in diameter. At the center of the 
nucleus the chromatin occurs in granules of varying sizes that give the impres- 
sion of separating into free nuclear bodies. These stain a brilliant violet color. 


f. Other Structures Found in the Normal Lymph Node 

Also seen in the imprints of the lymph node are a few erythrocytes, 
granulocytes, and a few cells which we consider belonging to the phagocytes. 
These cells are well described in the literature and will not be considered 
further here as their development is beyond the scope of papers planned. In 
the regions of the imprint where the cells are not closely packed, pale baso- 
philic bodies may be seen which show no internal structure and appear to be 
fragments of cytoplasm (7). They range in size from just being visible to bodies 
about 5 yw in diameter; the majority are about 2 uw in diameter. Also found are 
vesicles of an almost invisible blue which are similar to the vesicles seen 
within and emerging from the blast cells (Figs. 1 and 2). 


The Cells of the Imprint as Prepared by the Feulgen Technique 


The appearance of the blast cells when stained by the Feulgen technique is 
similar to that obtained by the May-Griinwald—Giemsa method. The lumps 
of chromatin of the nuclei of lymphocytes, plasmablasts, proplasmacytes, and 
plasmacytes are more sharply defined than with the May-Griinwald—Giemsa 
stain. No stain is taken up by the cytoplasm of these cells. In some cases a 
counterstain of fast green was used on the Feulgen preparations which 
simplified the identification of the cellular stages. 

The popcorn cells stain a pale pink with the Feuglen stain while the coarse 
central granules stain a deeper color. 
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Regions of the Imprint 


In the imprint the cells are not distributed uniformly as they are in a blood 
smear but occur in three general regions which can be discerned with low 
magnifications and even, to some extent, with the naked eye. These regions 
are shown in Fig. 22, which is a tracing of an imprint at a magnification of 
14 times drawn using a projection microscope. Counts of the cells from the 
regions are presented in Table I. 


TABLE I 


Total numbers of cells found in each of the three regions of an imprint of a normal lymph node 
of a rabbit. Ten fields, each 0.20 X0.20 mm square, were counted in each region 











Cell type Peripheral Subperipheral 


Central 





Elongated blast cell 35 
Contracted blast cell 16 
Blast cell plasmablasts 

Blast cell proplasmacytes 

Blast cell plasmacytes 

Small lymphocytes 

Medium-sized lymphocytes 

Large lymphocytes 

Lymphocytic plasmablasts 

Lymphocytic proplasmacytes 

Lymphocytic plasmacytes 

Erythrocytes 

Monocytes 

Macrophages 

Eosinophils 

Neutrophils 

Basophils 

“Popcorn cells’’ 


Totals 


1. Pertpheral Region 

The peripheral region (Fig. 22, not shaded) is an area of sparsely scattered 
cells. It contains most of the blast cells, both in the contracted and elongated 
forms. The other cells found in this region are lymphocytes, erythrocytes, and 
a few cells that will become plasmacytes. The elongated blast cells of the 
peripheral region are so aligned that they radiate approximately from the 
center of the imprint. These radially arranged cells give this region its 
characteristic appearance. 


2. Subperipheral Region 

The subperipheral region (Fig. 22, stippled) sometimes reaches into the 
peripheral region and is usually surrounded by it. This is an area of more 
densely packed cells which stain a blue-purple color with the May-Griinwald- 
Giemsa stain. Small lymphocytes are abundant here and medium-sized 
lymphocytes and erythrocytes each are about one-quarter as abundant as the 
small lymphocytes. Large lymphocytes, contracted blast cells, the precursors 
of plasmacytes, and polymorphic white cells are found in smaller numbers. 
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Fic. 22. Tracing of an imprint preparation of the lymph node of the rabbit. The central 
region is black, the subperipheral region is stippled, and the peripheral region is unshaded. 
x14 


3. Central Regions 

There are one or more central regions (Fig. 22, black) of very densely 
packed cells which stain blue with the May-Griinwald—Giemsa stain. Most 
of the cells of the central region are lymphocytes of all sizes. Erythrocytes 
are abundant and a few macrophages, granulocytes, and plasmacytes and 
their precursors are found. Few, if any, blast cells occur here. 

It is seen that lymphocytes are the most numerous cells in all of the regions 
and constitute roughly three-quarters of the cells of the imprint. Plasmacytes 
and their precursors are rare cells. 

The developmental relationships of the cell types in the various regions of 
the imprint will be dealt with in a later paper. 
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Discussion 


Evaluation of the Imprint Method 

There are certain disadvantages inherent in the imprint method. In preparing 
the imprints it is quite likely that certain types of cells will adhere more 
readily to the slide than others. For this reason conclusions about the absolute 
numbers of the various types of cells in any organ should be made only from a 
study of a great many imprints. Relative increases of certain types can be 
easily detected, however, assuming that there have been no changes in the 
degree of adhesiveness of the types of cells in question. 

In addition there is necessarily some displacement of the cells; the arrange- 
ment of lymph cords, lymph nodules, sinuses, and trabeculae is obscured. 
Although the cells of an imprint are displaced, there is an arrangement of 
cells which is typical of all imprints; this typical topography of the imprint 
was described above. 

There are three great advantages in the imprint method as compared to the 
techniques of sectioning or smearing. First, the cells of the imprint are 
fixed much more rapidly than cells of sectioned material, minimizing the 
chances that cells may change in shape during fixation. Secondly, the cells 
of the imprint material are not cut but can be seen as entire cells, similar to the 
cells prepared by the smear method. However the cells are not distorted as 
they are in a smear. Finally the imprint method is simpler to carry out than 
the techniques of sectioning. 


Relationship of the Present Work to Classical Studies 

Classical theories of the development of the cells of the blood and their 
relationships with each other must be re-examined. The old, static picture of a 
few definitive cells must be discarded in favor of this new, dynamic concept of 
constant transformation taking place in the cells of the blood-forming organs. 
In addition, haematologists have disregarded many cells as degenerating 
which are probably important links in the development of certain of the blood 
cells. If we are to have a true understanding of the development of blood 
cells these cells must be studied. They must not be ignored simply because 
it is difficult to fit them into the classical schemes of blood cell development. 
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THE EFFECTS OF PHYSICAL STIMULI ON THE LARVAL 
STAGE OF TERRANOVA DECIPIENS (KRABBE, 1878) 
(NEMATODA:ANISAKIDAE) 


I. TEMPERATURE!? 
KEITH RONALD? 


Abstract 


The reactions of the larval stage of the nematode Terranova decipiens found 
in the flesh of cod fish were examined under various temperature conditions. 
The relationship between these reactions and the survival of the nematode in 
the fish, as well as its future behavior in seals, is considered. 


This present work is a study of the reaction of the larval stage of Terranova 
decipiens* to stimuli, with a secondary consideration of the possibility of its 
application in removing these ubiquitous parasites more efficiently from their 
habitat. A study of the literature shows that there has not been a single 
fundamental study made on this ascarid. Hence it has been necessary to 
formulate its microecology. The optimum condition being of necessity variable, 
there can be no closely defined limitation of the range of environmental 
factors responsible for its viability. It follows that there must be a diversity 
of microclimatic conditions that will cause a high enough degree of irritability 
to make the nematode move to its optimum environmental range. In many 
cases this goal is not achieved, due to the nematode’s morphological structure 
and low neurological sensitivity making it a slow directional traveller. This 


may occur in the flesh of the fish where high energy level stimulation must be 
used to penetrate the insulatory muscle tissue. The high energy level is usually 
disastrous to the parasite. Death supervenes before it is able to reach a more 


suitable environment. 

The factors studied in this work were those considered as making up the 
microenvironment of the nematode, such as temperature, relative humidity, 
and pressure. Apart from these natural stimuli, various levels of energy in the 
electromagnetic spectrum were employed. 

In the present paper only the effects of temperature are considered; the 
reactions of larvae to other stimuli will be considered in subsequent papers. 

The larval stages of nematode parasites of fish have received little critical 
attention in regard to their survival under normal and abnormal conditions. 
The literature contains many reports on the effects of various stimuli upon 
free-living larval stages of parasites of domestic animals. Apart from the 
studies on Trichinella spiralis, which are discus:*d in the respective sections 
of this work, there are few relevant references to tue parasitic larval stages of 
nematodes. 


1Manuscript received December 22, 1959. 

2No. 74, Contributions du Département des Pécheries, Marine Biological Station, Grande- 
Riviére, Que., and the Institute of Parasitology, McGill University, Macdonald College, 
Macdonald College, P.O., Que., Canada. 
one of Entomology and Zoology, Ontario Agricultural College, Guelph, Ont., 

anada. 

*This parasite has variously been described as Phocanema, Terranova, and Porrocaecum. 
The name Terranova is used in this paper, following the classification of Hartwich (3). 
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An incorrect report has been made of Anisakinae larvae being resistant to 
boiling in fish. The original report was of larvae surviving the smoking of cod 
fillets for 45-120 minutes, an entirely different temperature condition (9). 
Another doubtful reference, to the effect of stimuli on the third stage larva of 
Ascaris capsularia (= Porrocaecum decipiens = Terranova decipiens), was 
that in which a portion of cod muscle, previously treated with vinegar and 
salt water, was boiled for 20 minutes. The larvae that emerged were still 
living 10 days later (9). 

The first stage larva of T. decipiens dies within a few hours at 17° to 25° C. 
If the same stage larva is held in water at 13° to 14° C it only undergoes one 
ecdysis (8). 

One of the more appropriate studies in connection with the present work is 
that on the larvae of Anisakis and Contracaecum species. A nisakis, encapsulated 
in commercial fish from Puget Sound, were exposed to freezing temperatures 
to determine their resistance to cold. A temperature between —5° and — 10° C 
was lethal to most larvae within 24 hours. The few survivors remained alive 
for several days. All died within 24 hours at —17° C, and within minutes at 
— 30° C. The commercial freezing of 100-Ilb fish blocks with an initial tempera- 
ture of —30° C for 16 hours, and their subsequent storage at —12° C killed all 
Contracaecum, and nearly all A nisakis larvae within 24 hours. The few survivors 
died within the first week. The criterion of death was that of absence of move- 
ment either spontaneous or induced (2). 


Materials and Methods 


The larvae were obtained from several fish-processing plants in the Gulf 
of St. Lawrence area. The parasites were removed from their normal habitat 
in the musculature of the cod, and placed in gallon cans of sea water. These 
were usually held at a temperature slightly above 0° C, until shipped. In the 
laboratory, they were washed for approximately 24 hours with cold well water 
to remove the small fish scraps that surrounded the nematodes. As the dead 
worms, cast cuticles, and host cysts are less dense than the viable worms the 
rate of flow could be controlled to achieve separation. The washed nematodes 
were held in physiological saline.* The optimum temperature was found to be 
0° C. The medium had to be changed daily because of bacterial contamination 
and autotoxicity. It was possible to keep the larvae for several months in this 
artificial habitat, but for experimental studies the nematodes were always 
used in the same week in which they were removed from their hosts. 

The separation of living and dead material was accomplished by candling. 
The larvae were placed in large black rubber trays and covered with physio- 
logical saline. The candling method made use of the fluorescent properties 
of the dead worm as described elsewhere (7). It is possible by this method to 
select only viable worms, thus achieving a random selection unbiased by a 
possible selection of moribund material. 


*The term physiological saline in this paper denotes a 33% solution of boiled sea water in 
distilled water. 
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In the usual techniques, viability is based upon the motility of worms. 
If the holding temperature is such as to curtail activity severely, the selection 
becomes difficult. On the other hand, the absence of fluorescence on the part 
of 7. decipiens under ‘“‘black light’’ excitation is a positive indication of 
viability. In the same manner the onset of death is shown by the exhibition 
of the fluorescent phenomenon. This test has been upheld in all cases (several 
hundred thousand) by the fact that a completely fluorescent larva has never 
shown any indication of motility, only degeneration. Apart from the method’s 
ease of usage, it has other advantages, such as the recognition of death in 
frozen specimens without resort to thawing. The consequent time lapse is 
thereby eliminated, an important factor worthy of consideration in short 
lethal exposure studies. In many previously described experiments, viability 
has been decided before experimentation by subjecting nematodes to extreme 
conditions, such as high temperature, to induce motility. It is extremely 
doubtful if a nematode so treated can be considered as normal. The subjection 
to a stimulus far beyond anything it could expect in its normal habitat immedi- 
ately excludes it from physiological normality. 

In 7. decipiens, the compounds responsible for the bluish flourescence can be 
extracted in ether and they are also present in a subsequent chloroform extract. 
It has been suggested that they are possibly steroid compounds (personal 
communication, F. W. van Klaveran). Fluorescence is present in the cuticle, 
as the slimy surface coat can be scraped off and turns brown upon drying, 
indicating the presence of the Maillard reaction (1, 6). 

The basic temperature studies were performed in several different ways. 
The usual method of studying temperature effects on helminths is by placing 
the parasite under investigation in a medium at room temperature, and then 
placing the container and parasite in the temperature under study. This 
method was followed, but in addition, further trials were made by placing the 
nematodes in media at the final temperature. This eliminated any pre- 
conditioning of the larvae as the medium slowly reaches its final temperature. 
As the larval stage of J. decipiens, used in this work, is found in fish muscle, 
the trials were always duplicated with the nematodes enclosed in fish muscle. 
As the mean incidence in the Gulf of St. Lawrence is approximately 0.25 
nematodes per fillet, it was impractical to use normally infected fillets, owing 
to the great quantity that would be required. Artificial infections were achieved 
by placing 30-mm cubes of fish muscle in a dish containing nematodes. When 
the temperature was raised from 0° to 10° C a few of the nematodes became 
motile and upon contact with the fish muscle they forced their way in between 
the fibers and coiled. 

A series of experiments was also made with nematodes on moist filter 
paper, which provided a saturated atmospheric, but not fluid, moisture 
condition. 

All trials were made therefore in three ways: under moist conditions, in fluid 
media, and in fish muscle or “‘in situ’. The 30-mm thickness of fish was used 


so as to approximate the thickness of a cod fillet. 
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The internal temperature readings of fish and fluid media were obtained 
by thermocouples or a thermistor thermometer. The thermocouples were 
calibrated to register a 0.01° C change in temperature. The thermistor ther- 
mometer was accurate within 0.6° C. 

The superambient temperatures were obtained in incubators held under 
closely controlled temperature conditions. The ambient temperature was set 
at 19.5°C so that the lowest incubator temperature was 20° C. Below this 
latter figure, six chambers in a refrigerated shell were used. In each chamber 
it was possible to vary temperature, relative humidity, light radiation condi- 
tions, and pressure. The lowest temperature reading was set at 2.5° C in this 
apparatus; below this, standard laboratory refrigerated cabinets were used 
for temperatures down to —25° C. Lower temperatures were achieved by a 
dry ice — alcohol mixture, the nematodes being held in pyrex tubes. The 
temperature was held constant by additions of dry ice chips to the alcohol 
bath, and the heat loss was limited by thick insulation surrounding the 
containing can or, in some cases, by the evacuated walls of the Dewar flask. 

Motility was judged by the number of movements made by 7. decipiens 
in physiological saline over a set time period. An apparatus was devised to 
record the cumulative frequency of the movements. The inner vertical wall 
of a glass dish, of 5 cm diameter, was lined with silver foil; in effect this formed 
a cylindrical electrode. A copper rod was placed in the center of the dish 
with its lower extremity 3 mm from the bottom of the dish. Distilled water 
was added to the 5-mm level. The copper and foil electrodes were connected 


to a sensitive proximity switch (Tektor), which was then balanced to prevent 
it closing its internal contacts unless stimulated by an object passing under 
the copper rod. An electronic counter was connected to the outlet of the 


proximity switch. 

The larval stage of T. decipiens was placed in the dish and as it moved in the 
medium it passed under the copper electrode activating the counter. Although 
the counts were of rather an empirical nature, because of double or triple 
folding of the parasite, they gave a good indication of the motility. 

The glass dish was held in a water bath with a circulating system. Ice was 
added for the low temperatures, and the fitted heater for higher than ambient 
readings. 

The number of nematodes used in any one experiment was never less than a 
thousand. It was not always possible to make 10 repetitive runs of 100 nema- 
todes owing to the limiting size of the container. In the latter case, 100 repeti- 
tive runs of 10 nematodes were used. The same number of controls were 
always placed under similar conditions except for the absence of the stimulus 
under consideration. 

The basic equipment for the study of thermotactic responses of 7. decipiens 
consisted of a freeze-drying tube 88 cm in length with five equidistant openings 
along its length. Thermistor thermometer leads were passed through rubber 
stoppers into the tube and these rested 1 mm from the lower wall of the tube. 
One end of the tube was heated by wrapping a heating tape around the tube. 
This gave a small temperature gradient of 5° C. When a larger gradient was 
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required the other end was immersed in dry ice. The gradient was then con- 
trolled by increasing or decreasing the voltage to the thermotape, by means of a 
powerstat. This gave a temperature differential of 25° C. The temperature 
conditions so described set up convection currents in the medium enclosed 
in the tube. In order to prevent this effecting any directional response on the 
part of the nematodes, cardboard baffles were fitted inside the tube. They 
blocked the tube except for a small arch in the bottom through which the 
nematodes could pass. The addition of a dye showed the absence of a con- 
tinuous convection current in the medium after the baffles were fitted. The 
larvae were dropped into the tube by removing the thermistor lead plugs; the 
physiological saline was added in the same manner. Experimentation was 
commenced only after the required temperature gradient in the physiological 
saline had remained constant for 30 minutes. 















Experimental Results 






The temperature range used was from minus 70° to plus 70° C, divided 
usually into 10° intervals. In many cases, effects were observed which could 
be better understood at smaller temperature gradations. In the range of 
minus 10 to plus 50 these divisions were sometimes as small as half a degree. 

The effect of temperature on a parasite is in many ways dependent on (1) 
the method in which it is applied, (2) the habitat of the nematode at the time 
of application. The developmental stage of the nematode under study is not 
a free-living one; it is doubtful if it can be said to fall into the classical 
definition of the term ‘parasite’, as it is merely making use of the fish’s un- 
intentional offer of an ideal insulatory habitat. 

The experiments were designed so as to establish the following points: 

1. The mortality-survival ratio at any given temperature within a 140° C 
range for various exposure times, in fish, in a fluid medium, and under moist 
but non-fluid conditions. 

2. The resistance of various sizes of larvae to different temperatures, to 
establish whether there is or is not a correlation between size and ‘‘physio- 
logical maturity’, i.e. the optimal physiological condition in larval develop- 
ment requisite for the subsequent successful infection of the definitive host. 

3. The optimum temperature for the entrance of 7. decipiens into its normal 
habitat, i.e. the musculature of groundfish. 

4. Thermotactic response of 7. decipiens and its correlation with tempera- 
ture preference. 

5. Motility. 



























1. Mortality—Survival 

The level of mortality used is 100%, although the interval readings are also 
recorded, but in any discussion the term mortality is used here to mean 100% 
kill, unless otherwise specified. 







A. Sub-zero Temperatures 
The results of the temperature exposures are shown in Table I and Fig. 1. 
The only immediate effect is found at the extreme temperature of —70°C, 
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TABLE I 


Mortality of T. decipiens in physiological saline within the temperature range of 
—10° to —70°C 


Temperature, °C 





—70 — 60 —50 —40 —30 — 20 


Timeinhours A B A B A B f A B A B 


Immediate 20 20 0 0 
-003 oo 20 2. 33° ti 17 
.004 100 100 63 71 47 £47 
.010 100 100 89 97 
O11 100 100 
.050 
-450 
.100 


ooocooceo 


3 


_ 
> 
So 
_ 
S 


“000 100 


en .. npeeerwes Sorat ean thee tensndieniians of exposure. 
where a small percentage of the nematodes are killed under moist and fluid 
conditions. In the fish muscle the parasite lives for a longer period (Fig. 1) 
but still succumbs within minutes. Between —70° and —40° C the viability 
range in physiological saline is from 14.5 seconds to 3 minutes. The lack of a 
fluid medium decreases the survival time, in contrast the isulation offered 
by the fish muscle increases it up to 40 minutes at —40° C. A temperature of 
— 30° C kills all nematodes held under moist conditions within 18 minutes, 
and in a fluid medium within 23 minutes. The temperature lapse due to the 
necessary cooling of the medium is already evident. The insulatory effect of 
the fish tissue is also apparent. The survival time at this temperature has 
increased ninefold over that for nematodes in a fluid medium. 

A temperature of —20° C (4° F) is the general temperature used for holding 
fish blocks in commerce. In order to establish the required time of holding 
for total mortality at this temperature, continuous readings were made over 
a 20-hour period of the temperatures at the thermodynamic center of the 
whole fish and the surrounding air (Fig. 2). A few points of interest should be 
mentioned in regard to the air temperatures. The freezer was of the so-called 
“thigh efficiency” forced air type. In the time taken to place the fish, with 
their respective thermocouples, in this room the temperature rose from — 20° 
to —16.5° C, and only approached the regulated temperature in just over 72 
hours. The first reading of the temperature of the fish was —2.5° C. Every 
15 minutes four fish were removed from the cold room, thermocouples were 
removed, and the fish sliced on a band saw into half-inch slabs. These slabs 
were candled with both “black”’ and incandescent white light illumination. 
In this way, the time of death of the nematodes could be registered within 
30 minutes (Fig. 2). 

The first fluorescence was seen at 16.5 hours and from this time onwards all 
nematodes were fluorescent. 

The temperature registered in the muscle lagged behind that of the room 
temperature. The flattened part of the curve at the higher temperatures 
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(Fig. 2) indicates the end of the ‘‘thermal arrest’’ time. The temperature 
at the first sign of fluorescence was —14.8° C in the fish and —18.7° C in the 
surrounding air. After 140 hours the rate of the temperature decrease in the 
fish muscle was small, the temperature at this time was —19° C. In the 20 
days that the internal temperature of the fish was recorded, it never reached 
that of the surrounding air (Fig. 3). 

The difference between the survival of nematodes under the various trial 
conditions are even more marked at —20°C. In a moist environment T. 
decipiens lives for only 1 hour, while in the fish it has been shown above that 
it can survive for 16.5 hours. 

At —10° C the differences are even more marked, and this variation between 
viability under the three conditions is found to hold true for all temperatures 
up to —2.5° C, and again above 2.5° C. 


TABLE II 


Mortality of 7. decipiens in physiological saline within the temperature range of 
5.0° to —5.0° C 


Temperature, °C 





—5.0 





Time in hours ! B 


27 17 
96 94 
101 
400 
800 
1200 
1317 
1430 
1708 
2000 
2400 
2800 
3200 
3648 100 


Norte: A. Percentage killed instantaneously. 

B. Percentage dead 96 hours after termination of exposure. 

At —2.5°C the longevity of 7. decipiens in fish starts to fall below that 
found in physiological saline (Table II, Fig. 4). This is thought to be due to 
bacterial contamination brought in by the fish. The culturing media were 
changed daily, and replaced with minced fish muscle. The latter were not 
sterilized, while the physiological saline had been, in its preparation. The 
optimum temperature condition is found at 0° C, with increased longevity 
in the temperature range of —2.5° to 7.5° C. Under moist conditions, the 
span of 7. decipiens is greatly shortened (Fig. 4). 

There is a general increase in mortality rate as the temperature is increased 
from 7.5° to 25°C (Table III, Fig. 5). Above 10° C the survival rate for 
nematodes in fish and saline is parallel, the time difference being approxi- 
mately 60 hours. The mortality rate does tend to increase fairly rapidly 
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between 5° and 10°C. In a moist environment the resistance of the larvae 
drops even more rapidly and they are able to live for only a few hours at 20° C. 

At temperatures above 25° C the mortality rate for 7. decipiens, in fish and 
saline, does not follow the usual pattern of decreasing viability at increasing 
temperatures (Table IV, Fig. 6). At approximately 25° C the mortality rate 
starts to decrease from that of 20° C. Again the nematodes in fish and saline 
survive for a period differing only by 12 hours. This increasing survival rate 
reaches its culmination at 35° C. At this point the survival rate of nematodes 
in fish has dropped below that of the nematodes in saline. Here again the 
._ effect of bacteria may be coming into play, perhaps due to the rapid multi- 
plication of microorganisms such as the red halophiles under the high tempera- 
ture condition. Above 35° C the nematodes in the fish muscle again show 


TABLE III 


Mortality of T. decipiens in physiological saline within the temperature range of 
7 ° ° 


Temperature, °C 
12.5 15.0 20 25 


Time in hours B A B 


120 0 21 38 
220 ‘ x 40 67 =86 
291 S 2 81 100 100 
315 100 
387 
435 
483 
600 
958 8 

1102 100 100 


Note: A. Percentage killed instantaneously. _ 7 
B. Percentage dead 96 hours after termination of exposure. 


TABLE IV 


Mortality of T. decipiens in physiological saline within the temperature range of 
30° to 37°C 














Temperature, °C 








Time in hours 


48 

72 
120 
167 
191 
215 
267 
291 
321 
363 
387 
435 


Note: A. Percentage killed instantaneously. 
B. Percentage dead 96 hours after termination of exposure. 
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TABLE V 


Mortality of 7. decipiens in physiological saline, within the temperature range of 
40° to 70°C 








Temperature, °C 





Time in hours Z 2 B 


Instant 0 
0.025 0 
0.217 3 11 61 
0.533 21 38 100 100 


5.70 100 ~=100 


Note: A. Percentage killed instantaneously. = 
B. Percentage dead 96 hours after termination of exposure. 


greater resistance to the high temperatures (Table V, Fig. 7). In the tempera- 
ture range of 40° to 70° C the normal relationship is renewed. At 70° C the 
difference in survival time for nematodes in fish and saline is 7 minutes; in 
saline they are killed instantaneously upon contact with the hot medium. 

The latent effects of temperature exposures are shown in Tables I-V. 
Column A is the mortality at the end of the exposure time, while column B 
is total mortality in the same sample 96 hours after the termination of exposure. 
The two columns also indicate the cumulative mortality at different time 
intervals, which are irregular because death was recognized instantly and the 
exact hour was recorded (Fig. 8). 

In all cases except at the optimum temperature of 0° C, there was an 
increase of mortality within the 96-hour holding period. As the nematodes 
were held at 0° C during the latent period, it is obvious why there is no increase 
at the exposure temperature of 0° C. 


2. Size-Survival Correlation 

As the nematodes died at the various temperature levels, they were removed 
and their lengths recorded. The length range of the nematodes was divided 
into 5-mm size classes, and the class medians plotted against total percentage 
survival for five different temperatures. At 5° C there was only slight variation 
in the resistance of the different sizes of nematodes to the exposure, although 
there was an apparent bias towards the shorter nematodes (Fig. 9). At 15° C 
this bias appeared again at the 30-mm (27.5 to 32.5 mm in length) size, and a 
slightly increasing increment of mortality occurred in the length range of 
50 to 65 mm. At 25° C the situation changed, nematodes of the 30- to 45-mm 
classes (27.5 to 47.5 mm long) showed greater resistance than those at the two 
extremities. Nematodes longer than the 55-mm class (57.5 mm long) showed 
a marked increase in mortality. An interesting condition appears at the 
35° C level; nematodes in the 35- to 50-mm classes have a much greater 
resistance than any of the others to this temperature. The most resistant are 
those whose length falls between 37.5 and 47.5 mm (40- and 45-mm classes). 
The longer worms show a very poor resistance to this temperature, only 3% 
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Fic. 9. The survival of larvae of different lengths when exposed to a temperature range 
of 5° to 45° C. 


of the total number of the survivors were in the 65-mm length class (62.5 to 
67.5 mm long). At the extreme temperature of 45° C a reversal of the above 
condition occurs. The smaller nematodes are much more resistant to this 
temperature, and the mean figure of survival (11.1%) is approached by 
nematodes within the 40- to 55-mm classes; again the larger nematodes have 
little resistance to high temperatures. 

The nematodes of the various size classes were examined microscopically 
to determine if there were any morphological differences to be found. All 
size deviations of the internal organs could be explained by normal allometry. 
The only condition that did show variation in the different sizes was coloration. 
The first nematodes to die were usually reddened, invariably at the cephalic 
extremity. The reddening was due to an increase in haemoglobin within the 
nematode. This was shown by the spectral occlusion of the haemoglobin 
bands (approximately 520-540 and 550-570 millimicrons) when the crushed 
nematode was viewed through a pupillary spectroscope. The addition of a 
reducing agent (sodium dithionite) to the nematode cut off a wide band 
(530-580 mu) in the spectrum. The bands reappeared in approximately 
10 minutes, indicating a reoxidization of the contained haemoglobin. 


3. Optimum Entrance Conditions 

The nematodes held previously at 0° C were placed on 200-g fish squares 
in physiological saline. A count was made in repetitive experiments of the 
number of nematodes with more than half their length in the muscle tissue 
after 6, 12, 24, and 48 hours. This number was plotted as a percentage of 
the original number that had been placed on the fish squares (Fig. 10). 

In 6 hours the greatest number of nematodes entered the fish when the 
temperature was 15° C and only a few less entered at 30° C. At — 15° C none of 
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Fic. 10. Invasion*ofifish tissue by larval T. decipiens within the temperature range of 
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Fic. 11, The thermotactic response of larvae of 7. decipiens in various temperature 
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the nematodes which had been placed on moist fish without saline entered 
within 48 hours. At 0° C the nematodes were very inactive and only a few 
achieved entrance up to the 12th hour of exposure. 

The optimum entrance temperature was 15° C; the greatest invasion 
occurred within 24 hours. At 30° C the nematodes were violently active but 
could not find their way into the fish muscle. At 45° C there was no entrance, 
and after a few violent and spasmodic movements they became quiescent 
and death occurred within 40 minutes. 


4. Thermotaxis 

The positions of the nematodes within the temperature-gradient tube were 
measured after 2, 14, and 16 hours of exposure. The five areas used were those 
whose mid-point came below the thermistor thermometer leads. The tube 
was thus divided into five equidistant lengths of 17.6 cm, at the mid-point 
of which the exact temperature was known. 

Two control temperatures without gradients were used, one at 20° C and 
the other at 35°C to establish the normal distribution within the tube. 
The distribution approached equality after 16 hours (Fig. 11A, B) at both 
temperatures. 


© — 2 HOURS 
x — 4 . 
e- 6 * 


ame MEAN No OF 
MOVEMENTS/HR 


CUMALATIVE FREQUENCY OF MOVEMENT 


TEMPERATURE (CENTIGRADE) 


ois. . Motility of the larvae of T. decipiens when exposed to a temperature range of 
0° to 50°C. 
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In the low temperature gradient (Fig. 11C) there was a marked decrease of 
numbers at the lower temperatures, except for 0° C where little motility 
occurred. After 16 hours, over 51% of the total number were at the high end, 
and piled up against the end wall of the tube. The drop in number at 18° C 
was due to the nematodes’ medium rate of motility at this temperature; 
in contrast, below 18° C there was an increase in numbers due to decreasing 
motility at the lower temperature. When the temperature at the heated end 
of the tube was increased to 40.5° C, the nematodes showed a partially positive 
thermotactic response (Fig. 11D). In order to elucidate this thermotactic 
reversal further, a gradient of 30°-39° C was set up (Fig. 11E). After 4 hours 
it was apparent the reversal occurred at 35.5° C. In 16 hours 83% of the nema- 
todes had moved into the region where this temperature occurred. 

A further trial with a smaller gradient (Fig. 11F) gave a clear picture of the 
positive thermotactic response which occurs as long as the temperature 
does not exceed 35° C. 


5. Motility 

The same time units as used for thermotactic response were used for the 
motility experiments. Motility was shown to be definitely proportional to 
temperature for up to 2 hours at 49° C and for 4 hours at 30° C, but over a 
longer period (16 hours) the maximum activity occurred at 35°C (Fig. 12). 
The average motility for the six temperatures studied was found to be greatest 
at 30° C. 


Discussion 


1. The optimum temperature range for the survival of the larvae of T. 
decipiens is —2.5° to 7.5° C, with a survival peak at 0° C. This could be 
expected as this stage of 7. decipiens is found in the lateral musculature of 
groundfish. The poikilothermic host species are subjected to temperatures 
below zero in their natural habitat, and also live in water of higher tempera- 
tures. The codfish (Gadus callarias) is considered as a cold water species, and 
as it is known to be in its optimum feeding condition at 4° C, it supplies 
T. decipiens with an ideal habitat for longevity. 

The other commercially important species of groundfish, such as the 
Heterosomata, are in many cases found in shallow water where the bottom 
temperature may rise above 10° C. There may then be a correlation between 
the light infections found in the flatfish, and the loss of viability of T. decipiens 
at temperatures over 7.5° C. 

A secondary optimal peak occurs at 35° C, the optimum range being fairly 
narrow, 33° to 37° C. This increase of viability is rather hard to explain, as 
the adult 7. decipiens parasitizes marine mammals of the order Pinnipedia. 
The seals are usually considered as having an internal body temperature of 
approximately 38° C. Recently it has been shown that the harp seal has a 
lower internal temperature than either a normal or abnormal (‘‘runt’’) harbor 
seal (4). In fact, the temperature of the harp seal was found to be 35°C; a 
lower metabolic rate was also noted. 
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The highest incidence of T. decipiens occurs in the Gulf of St. Lawrence. 
Within the Gulf there are three indigenous species of seals, the harp, harbor, 
and grey. The last two are considered as non-migratory in respect to their 
movements outside of the Gulf. The harp seal, of which there are approxi- 
mately two million, are migratory, entering the Gulf in the winter and leaving 
in late spring or early summer months. The harbor seal has been singled out 
as the important host for the dissemination of the parasite. This discrimination 
has been based upon the number of nematodes found in the stomach of the 
three species of seals. Recently it has been shown that in some cases the number 
of nematodes in the intestine of the harp seal may be equal to that found in the 
stomach (5). This second optimum at 35°C would seem to correlate the 
above findings, in that the larval nematode upon entering a temperature 
condition of 35° C is able to live for 100 hours longer than at 33°C and for 
200 hours longer than at 37° C. 

It has, therefore, a much greater chance of reaching maturity in the harp 
than in the harbor seal. The harp seal, then, as the host of predilection, 
becomes extremely important owing to the part it plays in the dissemination 
of the ova of T. decipiens. 

In an attempt to complete the life cycle of 7. decipiens, many species of 
fish-eating oceanic birds have been examined in the hope of finding the adult 
stages. As yet, the mature nematode has never been reported from an avian 
host. Although the lowest internal temperature of any bird overlaps the highest 
found in mammals, the viability of the larvae of 7. decipiens at 38° C limits 
its life span in a bird to a few hours. This would prevent the developing 
nematode from reaching maturity, if the time for development from the 
stage found in the fish to mature adult exceeded a few hours. 

2. The size of the nematodes is important in understanding the resistance 
of the species to temperature exposures. The smaller nematodes (32.5 mm and 
less) have a greater resistance to the temperature extremes of 5° and 45° C 
than do larger nematodes. The medium size nematodes (37.5 to 47.5 mm), 
on the other hand, have their greatest resistance at the temperature of the 
definitive host. The larger nematodes have lower resistance than any of the 
other sizes at all temperatures. 

The smaller nematode is able to survive the temperature condition found 
in its intermediate host, the codfish, for a longer period than larger worms. 
Those of medium size are at their peak of potential physiological maturity, 
as they are able to survive for the longest period at the temperature of the 
definitive host. These nematodes are at the true infective stage. The large 
nematodes are apparently destined to die in the fish within a shorter period 
than the other sizes of nematodes, and have little chance of survival in the 
digestive tract of the definitive host. 

The changes in the haemoglobin levels of the nematodes may be correlated 
with the bacterial contamination of the cultures. Ascarid haemoglobin has a 
low loading tension, as it can only pick up oxygen at low tensions when it is 
available; the haemoglobin cannot be used as a biological oxygen carrier. 
If the bacterial contamination was by aerobic species such as the halophiles, 
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the oxygen tension in the medium would be reduced to a level low enough 
for the haemoglobin of the larva to take oxygen up, with a consequent 
reddening of the nematode. The death of the reddened nematodes would 
then be an indication of high bacterial contamination. 

3. The optimum condition for the invasion of fish muscle by T. decipiens 
occurs at 15° C. Thus it can be said that between 0° and 15° C the nematode 
will enter the host’s tissue in increasing numbers and above 15° C in decreasing 
numbers. At 30° C motility is great but the directional movement required 
for entrance is lacking. The period of viability at 45° C is too short to allow 
the nematodes to gain entrance. 

4. The larvae show a positive thermotactic response to temperature up to 
35.5° C and a negative response above this temperature. Thermotaxis is 
reduced at the lower temperatures owing to low motility, which prevents 
the nematodes from showing fast directional movement. At high temperatures, 
the response of the larva, which causes it to move to a more preferential 
temperature, may be hidden by the lethal effect of the temperature. 

The thermotactic response of 7. decipiens can be used to explain the action 
of the larva when its intermediate host is ingested by its definitive host, the 
seal. The nematodes in the fish are at the temperature of the fish muscle. 
In the seal stomach they become surrounded by fluid at a higher temperature 
level. If this temperature does not exceed 35.5° C, they will move out of the 
fish, aided by partial digestion brought about by the gastric juices of the seal. 
When a seal (e.g. harbor) whose internal temperature does exceed 35.5° C 
ingests the fish, a double reaction must occur. First there will be positive 
thermotaxis, as the nematode moves out of the fish, but upon encountering 
the stomach wall it would exhibit a negative thermotaxis and try to move 
back into the fish, which would be approaching the temperature of the host. 
In the harp seal, whose internal temperature does not exceed the reversal 
point, the nematodes would move out and remain in the mucosal fold of the 
stomach. In the latter case, when normal stomach evacuation occurs, there 
would be less chance of the nematodes being carried down into the intestine 
than in the harbor seal. This again indicates that the host of predilection is 
the harp seal. 

5. Motility is proportional to temperature within the viability limits of 
T. decipiens, except for long exposures at 35° C. At this temperature, activity 
gradually increases to a point above that of any other temperature. It does 
not, however, exceed the over-all frequency of movement for nematodes 
held at 30° C. 

This explains in part the thermotactic responses discussed previously. 


Summary 


1. The optimum temperature for the larval stage of T. decipiens is —2.5° to 
7.5° C; at 0° C the larvae live for up to 152 days. 

2. At low and high temperatures the smaller size larvae are able to survive 
for the longest time, while the medium size larvae are more resistant to the 
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intermediate temperatures. Large nematodes are the least resistant at all 


temperatures. 

3. The greatest invasion of fish muscle by 7. decipiens occurs at 15° C. 

4. The larvae are positively thermotactic up to 35.5°C and negatively 
thermotactic above this temperature. 

5. Motility is proportional to temperature, but the frequency of movement 
decreases as viability decreases at high temperature. 
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NOSEMA CERASIVORANAE N.SP., 
A MICROSPORIDIAN PARASITE OF THE UGLY-NEST 
CATERPILLAR, ARCHIPS CERASIVORANA (FITCH)! 


H. M. THOMSON 


Abstract 


A microsporidian parasite, Nosema cerasivoranae n. sp., is described from the 
ugly-nest caterpillar, Archips cerasivorana (Fitch). This parasite primarily attacks 
the malpighian tubules and silk glands although other tissues are also infected. 


Introduction 


During the summer of 1959 numerous shipments of the ugly-nest cater- 
pillar, Archips cerasivorana (Fitch), were collected by the Forest Insect Survey 
from various parts of Ontario. Examination of dead larvae in many of these 
collections revealed the presence of small highly refractive bodies in the tissues 
which were identified as spores of a microsporidian. This microsporidian is 
described below. 

Methods and Materials 


Insects parasitized by the microsporidian were obtained directly from the 
field collections or by infecting laboratory stock with a washed suspension of 
spores. The life cycle of the parasite was determined from Giemsa-stained 
smears of infected tissue which was fixed in May-Griinwald solution. Sites of 
infection in the host larvae were determined from sections fixed in alcoholic 
Bouin’s solution and stained with Heidenhain’s haematoxylin. The polar 
filament was ejected by flooding spores dried on a slide for a few hours with a 
commercial solution of liver extract. Filaments were most easily viewed by 
phase microscopy. 

Pathology 


Externally the parasitized larvae exhibited no symptoms aside from an 
apparent stunting of the most heavily infected larvae. Internally, it was 
observed that areas of the malpighian tubules and the silk glands were opaque. 
Cells in these opaque areas proved to contain large numbers of spores. Other 
tissues infected to a lesser degree were the longitudinal muscles and parts of 
the mid-gut. The fat body and epidermis were occasionally found to be infected. 


Life Stages 


The smallest schizonts observed were round or oval in form and measured 
2-3 uw in diameter. The paired nuclei were uniformly darkly stained (Fig. 1, a). 
Other schizonts ranged in size up to 6 uw (Fig. 1, b-f), of which the largest were 
multinucleate forms containing as many as six pairs of nuclei (Fig. 1, f). 
These forms apparently fragment into smaller binucleate schizonts. Tetra- 
nucleate forms were quite commonly observed (Fig. 1, e); these forms divided 


1Manuscript received February 8, 1960. : 
Contribution No. 10, Insect Pathology Research Institute, Research Branch, Canada 
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Fic. 1. Some stages in the life cycle of Nosema cerasivoranae n.sp. 


by binary fission. Nuclei of the larger schizonts were lightly stained and 
vacuolated; the cytoplasm was also vacuolated, and frequently a clear area 
surrounded the nuclei. 

Sporonts (Fig. 1, g,2), which apparently arise from large binucleate schizonts, 
are elongated measuring 25 u. Nuclei tend to be bar-shaped and are set at 
right angles to the long axis of the cell. The cytoplasm stains unevenly. The 
sporonts become reduced in size after which a spore wall forms (Fig. 1,7). 
At this stage it becomes difficult to observe the interior of the spore although 
a vacuole is usually visible at one end. 

The spores are usually elongated ovals, the ends are equally rounded and the 
sides slightly bulged. Measurement of 50 spores suspended in distilled water 
yielded the following data: 

length 3.1—4.6 wu, mean 4.1 p; 
width 1.4~—2.2 uw, mean 1.9 yw. 
The polar filament ranged in length from 20 to 45 yw, with a mean of 33 yw. 


Discussion 


Because only one spore is formed from each sporont, the parasite must be 
placed in the genus Nosema Naegeli. In 1947 Weiser (1) listed 62 species of 
Nosema and several have been described since then. Of all these species only a 
little over a dozen are from lepidopteran hosts and some of these are in- 
adequately described. As the present species appears to differ from these on 
the basis of spore size, host, length of polar filament, and tissue infected, it is 
considered to be a new species and the name Nosema cerasivoranae n.sp. is 
proposed. 
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CONTAGIOUS DISTRIBUTION IN THE EUROPEAN RED MITE, 
PANONYCHUS ULMI (KOCH), AND A METHOD OF GRADING 
POPULATION DENSITIES FROM A COUNT OF MITE-FREE LEAVES! 


D. P. Pretov 


Abstract 


Examination of a large number of 100-leaf samples shows that the European 
red mite is distributed contagiously, not randomly, on leaves of apple trees. 
When the mean number of mites per leaf is plotted against the proportion of 
mite-free leaves for the corresponding sample, the points fall in a narrow zone, 
steepest and narrowest at the lower densities. Following application of miticides 
to heavily infested trees, it is usual to summarize the findings of the tests by 
grading the performance of the chemicals as excellent, good, etc. according to 
mite density as determined by a total count from the 100-leaf sample. A method 
is outlined, in which, by making use of plotted values, a count of mite-free 
leaves only is sufficient to allow the assessment of performance in such categories. 


Introduction 


Methods of reducing the labor of counting large numbers of insects or 
mites in assessing the efficacy of pesticides are greatly to be desired, particu- 
larly so when the experimenter is able ultimately to rank or grade his tested 
materials into a few broad categories, e.g. excellent, very good, poor, etc. 
This decision is based on the population size present after treatment. How- 
ever, most experimenters question subjective estimates of population density, 
even though they may be made by an experienced investigator, and for the 
few broad classes of population size necessary to grade the pesticides. There is 
generally considered to be no alternative but to count large numbers of the 
organisms. 

Where investigations of the chemical control of the European red mite, 
Panonychus (= Metatetranychus) ulmi (Koch), are concerned, the following 
procedure has customarily been followed at the Summerland entomology 
laboratory. A plot of a dozen or more trees in a heavily infested orchard is 
sprayed with the material under test and a few days later five trees at the 
center of the plot are chosen and 20 leaves picked from each at random. 
The number of mites on each leaf is counted by the imprint method (16) in 
which the leaves, placed between a folded sheet of paper, are passed between 
the rollers of a hand-wringer; the red body fluid of each mite makes a distinct 
mark on the paper. 

The mean number of mites per leaf provides a quantitative measure of 
survival. Sampling is done from trees in the center of the plot as trees at the 
periphery may be contaminated by spray drift from neighboring plots. The 
counting of every mite on each of the leaves of the sample is, however, very 
laborious and it seemed worthwhile to investigate whether mite density 

‘Manuscript received in original form May 21, 1959, and, as revised, January 7, 1960. 
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could be estimated from a knowledge of the proportion of mite-free leaves 
only. If this were possible, the investigator would only have to tally each 
leaf as mite-free or infested; with the wringer imprint method this would 
be a very rapid procedure. 

Olney (12) has shown that such a method is sufficiently accurate for use 
with tests of miticides against the Willamette mite, Eotetranychus willamettet 
(McGregor). In the work reported here, a more detailed statistical analysis, 
involving a comparison of the two methods, has been made on numerous records 
of infestation of apple by the European red mite. 


Materials and Methods 


During the years 1950-1957, 418 records were taken of mite populations 
in many orchards in different parts of the fruit-growing areas of the Okan- 
agan Valley, British Columbia. The extensiveness of these records (covering 
41,800 leaves and approximately 251,000 mites) and their great diversity 
would suggest that conclusions drawn from them will be generally applicable. 
Each record consists of a mite count for each of the 100 leaves in a sample. 
From these data complete frequency tables have been drawn up for each 
sample and the means and variances calculated. 


Results 


Examination of the records shows clearly that the mites were aggregated 
(“contagious in distribution’’) rather than distributed at random. If the mites 
had been at random then the distribution of the variate should be well gradu- 
ated by a Poisson series; in other words the proportions of leaves having 
0,1,2. . . mites should be approximately equal to e-”, Me”, M’e-™/2!... 
where M is the mean number of mites per leaf. One would also have found 
that the sample mean and sample variance were roughly equal. However, 
in the records studied the variance nearly always exceeded the mean indi- 
cating “overdispersion”’ or aggregation (5). Bliss (3) has shown that in one 
single sample of 150 leaves an observed distribution of red mites could be 
graduated by the negative binomial series. It seems doubtful, however, whether 
this series is always, or even usually, applicable. In an attempt to fit it to 
five of the frequency tables in the present data, the negative binomial series 
gave a satisfactory fit in only one case. However, it was impractical, with a 
desk calculator, to attempt to fit the negative binomial series to all our 418 
distributions because of the labor of estimating the parameters, and testing 
the goodness-of-fit. And the work would have had to be repeated for other 
likely distributions if the negative binomial did not generally give an accept- 
able fit. 

For each of the 418 frequency counts the mean number of mites per leaf 
was plotted against the proportion of mite-free leaves resulting in a scatter 
diagram (Fig. 1), the ordinate of which has been plotted on a logarithmic 
scale to accommodate the great range of values of the mean. As may be seen, 
the points occupy a fairly narrow band. The curved line near the lower limit 
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of this band gives the relation between the mean and the expected proportion 
of empty leaves for the Poisson distribution, E(m/N) = e~” where m and N 
are the observed number of empty leaves and the total number of leaves 
in the sample respectively, and M is the mean number of mites per leaf. 
Nearly all the observed points lie above this line. This in itself provides 
conclusive evidence that the mites were aggregated; because, for a given 
proportion of mite-free leaves, a sample from an aggregated population 
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Fic. 1. Mean mites per leaf plotted against the percentages of leaves infested with, 
or free from, mites. Where a number is shown on the graph this indicates several points 
too close together to plot separately. Each point was obtained from data on a 100-leaf 
sample. The smooth curve indicates expectation with a theoretical Poisson distribution. 
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would have a relatively large proportion of heavily infested leaves (where 
clusters of mites occur), and a relatively small proportion of lightly infested 
leaves, compared with a Poisson population having the same proportion of 
empty leaves. Therefore, this given proportion of empties will indicate a 
higher density if the mites are aggregated than it would if they were at random. 
Thus, Fig. 1 shows that our mite populations were nearly always aggregated. 


Discussion 


Of the various “‘contagious”’ distributions that might have been fitted to 
the observed frequency counts, it seemed unlikely, on biological grounds, 
that any one would have been predominately better than the others, partic- 
ularly as the means in the samples ranged from 0.01 to nearly 100 mites per 
leaf. In any case, these distributions always have at least two parameters, 
so that to estimate these parameters, a minimum of two frequency classes 
would have had to be counted. This has been done for classes of 0 and 1 for 
Thomas’s ‘“‘Double Poisson”’ distribution (15). 

What is to be preferred, if possible, is a method depending on the mechanic- 
ally and conceptually simpler operation of counting the proportion of mite- 
free leaves only. Theoretically, of course, this is possible in a distribution 
dependent on two parameters, only if one of the parameters is fixed, or con- 
fined within small limits. It should be emphasized that there is no need, when 
judging pesticides, for density estimations to be very precise; one wishes 
only to be able to rank the degree of control obtained as excellent, very good, 
good, fair, or poor. To do this it is necessary only to be able to state that, 
for a given degree of probability, the actual mite density falls within certain 
limits. Whether such density estimates as these can be made by counting the 
proportion of mite-free leaves only, must be decided empirically. 

The two “contagious” distributions most likely to be applicable to mite pop- 
ulations are the negative binomial and the Neyman (2, 3, 6, 11). Two models 
may give rise to the negative binomial: it will result if clusters of organisms 
are randomly dispersed while the number of individuals per cluster is a 
logarithmic variate (3, 8, 13, 14); alternatively it will result from the sampling 
of a mixture of Poisson populations in which the Poisson parameter is distri- 
buted as a gamma variate (3, 8, 9, 14). It has two parameters, the mean 
M and the exponent k&. If the former model is the operative one, k depends on 
the reproductive behavior of the species (10) and may well be constant from 
one population to another, regardless of mean, when only one species is being 
investigated. If on the other hand, the aggregation has resulted from hetero- 
geneity of the habitat and consequent variation of the Poisson parameter, k 
is inversely proportional to the degree of “‘patchiness’’ of the habitat (8) and 
may well be virtually constant from one orchard to another. If then, either 
of these mechanisms was the underlying cause of the observed frequency 
counts, one would find that the points in Fig. 1 could be fitted by a curve 
showing the relation between proportion of empty leaves and mean number 
of mites per leaf, assuming negative binomial distribution with k& constant. 
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For the negative binomial E(m/N) = (1+M/k)-*. In Fig. 2 curves have 
been plotted showing the relation between E(m/N) and M for five different 
values of k; and also for k = © in which case the distribution is Poissonian. 
On close examination of Figs. 1 and 2 it is apparent that the points of Fig. 1 
have a less steep trend than the curves in Fig. 2. This is most pronounced at 
higher densities. If the two figures are superimposed, then at densities below 
1.0 the points fall between the curves for k=0.1 and ©, at densities between 
approximately 1.0 and 10.0 between the curves for  =0.25 and ©, and at higher 
densities between progressively narrower limits of k values. From these facts 
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it is reasonable to conclude that even if either of the models on which the 
negative binomial is based is applicable in the present instance, then & is not 
constant from one population to another. 

If k were constant and known, one could estimate the mean of a population 
(i.e., the density of the mites) by equating the observed with the expected 
proportion of mite-free leaves. Thus (1/k) log (N/mo) = log (1+M/k) where 
M is a maximum likelihood estimator of the population parameter M. Know- 
ing & one could find M by successive interpolation. However, with unknown 
it is impossible to estimate M from this formula. It is worth noting in this 
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Fic. 3. Curves showing the mean calculated for given proportions of empty sample 
units for various values of the m2: parameter in the Neyman type A distribution. 
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connection that several authors (1, 3, 4) have suggested that when a number 
of frequency counts of the same organism are to be analyzed statistically, 
even when the counts have been made in different districts and after different 
treatments (1), one may be justified in assuming they have a negative binomial 
distribution with a common & and this value of k may be estimated from all the 
sets of counts taken together. It seems apparent from the results given here 
that for the European red mite one cannot assume a common k. 

Consider now the Neyman type A distribution (11). This may also result 
from two quite distinct models (7, 14). In the case of mites on apple leaves, 
for instance, if the mites occur in clusters with the number of clusters per 
leaf a Poisson variate with mean m,, and if also the number of mites per cluster 
follows another Poisson series with mean m2, then the number of mites per 
leaf will be distributed in accordance with Neyman’s type A series with two 
parameters. The same distribution could also arise if the mites were at random 
but the Poisson parameter varies from leaf to leaf having a distribution which 
is a step function. The latter possibility seems too unlikely to warrant further 
consideration; while the leaves undoubtedly do vary, one would hardly 
expect their variation to be discontinuous. Returning to the first model, 
then, it is conceivable that the distribution of the mites could be explained 
in this fashion. The two parameters of the distribution are m, and mz and the 
density of the mites or mean number per leaf is then mymz, = M. 

One would expect m2, the mean number of mites per cluster, to be a property 
of the species, since it would primarily depend on the average number of off- 
spring per female, so that when one species only was being studied m2 might 
well be constant regardless of the value of m;. In order to test this possibility, 
a family of curves was drawn (Fig. 3) showing the relation between E(m/N) 
and M for five different values of m2; and also for mz, = 0 in which case a 
Poisson distribution results. Comparing the general trend of the scatter dia- 
gram in Fig. 1 with the curves of Fig. 3 it is clear that if the mites were dis- 
tributed in accordance with the Neyman model, then mz was not constant 
but increased with increasing density. If Fig. 1 is superimposed on Fig. 3 
then the points fall between curves ranging over wide values of m2 at high 
densities, but over a less wide range at low densities. This is the reverse of 
the situation with the negative binomial. If mz were constant, and known, 
one could estimate M from a knowledge of the proportion of mite-free leaves 
only, from the fact that the expected value of this proportion is E(m/N) = 
exp[— (1/m:)(1—e-™)] whence one may obtain the maximum likelihood esti- 
mator of Mas M = { m2/(1—e-™) }log.( N/m). However, with mz unknown 
such an approach is impossible. 


Practical Application 


It remains to consider the usefulness of the existing scatter diagram as an 
aid to future density determinations. To arrive at any conclusions it is import- 
ant to know the distribution of the values of the mean for any given propor- 
tion of zero counts. To determine this, the 418 frequency tables provided in 
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the data were divided into groups for which the percentage of leaves with one 
or more mites ranged from 1-5, 6-10, 11-20, 21-30. . . . 81-90, 91-95, 96-100. 
Within any one group it was found that the probability distribution of the 
observed densities was approximately log-normal. Using the logarithm of 
the density of x as variate the means and standard deviations of the variates 
were calculated for each class; knowing these it was then possible to calculate 
confidence limits for the log-density (see Table I) on the assumption that in 
95% of the cases the true log-density would lie in the range +2 S, where S, 
denotes the estimate of the standard deviation of x. Testing this assumption 
on the data already obtained it was then found that the percentages of points 
falling outside each of the 12 confidence belts were respectively 6.76, 8.70, 
2.50, 0, 0, 8.70, 8.33, 6.45, 3.45, 0, 0, 6.66; or 4.30% for the total of all 


418 points. 


TABLE I 
Percentage of Log mean 95% 
infested* leaves mites per confidence 

per sample 100-leaf sample limits 
1- 5 0.53051 0.08033-0 .98069 
6-10 0.98408 0.77230-1.19586 
11-20 1.36927 1.06813-1.67041 
21-30 1.64610 1.34790-1 .94430 
31-40 2.02272 1.59170-2 .45374 
41-50 2.08059 1.67761-2 .48357 
51-60 2.29830 1.83730-2 .75930 
61-70 2.27182 1.92932-2 .61432 
71-80 2.62406 1.97616-3 .27196 
81-90 2.73238 2 .09782-3 . 36694 
91-95 2.85873 2.36450-3 .35296 
96-100 3.20974 2.53611-3 .88337 


*One or more mites per leaf. 


The 95% central confidence intervals for each group of values of the pro- 
portion of mite-free leaves have been marked in Fig. 1. Thus, for example, if a 
sample of 100 leaves were found to contain 63 without any mites at all on them, 
one could assert, with a probability of 0.95 of being correct, that the mite 
density lay between 0.39 and 2.84 mites per leaf. The confidence limits are 
admittedly wide, but the precision obtained seems adequate for routine tests 
of new miticides in the field. (Some consideration was given to the possibility 
of fitting either a negative binomial curve with common k, or a Neyman type 
A curve with common mz, to the mean values in Table I. However, when it 
became evident that a negative binomial would fit better at lower densities, 
but a Neyman at higher densities, these efforts were discontinued.) 

Practical experience indicates that the results of miticide applications may 
be graded as follows: 

Excellent if number of mites per 100-leaf sample is less than 10. 

Very good if number of mites per 100-leaf sample is between 10 and 20. 

Good if number of mites per 100-leaf sample is between 20 and 50. 

Fair if number of mites per 100-leaf sample is between 50 and 100. 

Poor if number of mites per 100-leaf sample exceeds 100. 
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Therefore when a sample of 100 leaves is taken the number that are mite-free 
may be interpreted from Fig. 1 as follows: 

93-100 mite-free leaves signifies excellent control, 

85-92 mite-free leaves signifies very good control, 

75-84 mite-free leaves signifies good control, 

60-74 mite-free leaves signifies fair control, 

59 or less mite-free leaves signifies fair to poor control. 
It is clear that the general precision of the method declines as the mean number 
of mites increases. The fact that the gradient of the scatter diagram is greatest, 
and the scatter of points narrowest, at very low densities is fortunate, for these 
are the densities in which the field experimenter is most interested, and it 
means that the grading should be perfectly adequate for all but the least 
effective sprays. The latter would be discarded at once in any case since the 
experimenter is interested in degrees of relative effectiveness of promising 
materials, not in degrees of relative ineffectiveness of inadequate materials. 
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EVOLUTION OF CRANIAL STRUCTURE IN 
ADULT COLEOPTERA! 


E. MELVILLE DuPorRTE 


Abstract 


The variety in the structure of the cranium is due largely to the dispropor- 
tionate growth of its sclerites. The epifrons may grow anteriorly at the expense 
of the frons until the latter is almost or completely suppressed and the antennal 
sockets lie near or against the clypeus. The parfietals may also grow laterally 
and invade the ventral side where they may form a considerable portion of the 
ventral wall at the expense of the postgenae. 

The clypeus may either contract or expand. Its lateral lobes, the anterior 
condyles of the mandibles, are usually separated from the body of the clypeus 
by sutures. The anterior tentorial pits retain their primitive position against the 
clypeus at the level of the mouth. 

New evidence is given for the origin of the gula by sclerotization of the neck 
membrane between ventral extensions of the postoccipital ridge which now 
form the gular ridges. The gula may be partially or completely suppressed by 
the mesal growth of the postgenae. 

The basal limit of the submentum may be defined by a line drawn through 
the ends of the postoccipital or gular ridges but, rarely, the mesal growth of the 
postgenae may crowd out its proximal region and thus a postgenal bridge is 
interposed between the gula and the definitive submentum. 


Introduction 


Much of the very extensive literature on the Coleoptera contains descriptions 
or illustrations of the cranium, but the interpretation of the regions and 
sutures is still in an unsatisfactory condition. 

The evolution of the insect cranium from the postulated generalized type 
seldom involves the acquisition of new structures or the migration of organs 
from one sclerite to another. It is rather the result of differences in the degree 
and direction of growth of the various sclerites or regions, leading to changes 
in the form and proportions of these regions. The gula is the only new struc- 
ture in the cranium of the Coleoptera as compared with the generalized 
hypognathous head. 

The object of this paper is neither to survey the entire order of beetles nor 
to describe in detail the structure of any individual head, but to select 
illustrative material to show how changes in the relative proportions of the 
different sclerites have affected the form and structure of the head. 

Ridges, shallow grooves, and other topographical features of no particular 
morphological significance are omitted or merely indicated in the drawings. 
Where the specific name of the insect is not given, two or more species of the 
genus have been examined and found to be in general agreement as to their 
morphological features. 

1Manuscript received February 24, 1960. 
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Criteria for Interpreting the Cranial Structure 


Inorder to interpret the changes which have taken place in the cranium, 
it is necessary to review certain landmarks in the generalized hypognathous 
head. If these can be identified in the head of the Coleoptera, it should be 
possible to trace, with reasonable certainty, the nature of the changes which 


have taken place. 


The Facial Region (Fig. 1) 

The face in the generalized head consists of a parietal and a frontoclypeal 
region (8). The parietal region includes the vertex, which forms the entire 
dorsal region of the face, and the genae, two lateral lobes that extend to 
the ventral margin. The frontoclypeus is typically divided by the frontoclypeal 
sulcus (Fels) into a dorsal frons and a ventral clypeus. The frons lies between 
the two genae and is separated from them by the frontogenal sulci (Fgs) 
which extend from the antennal sockets to the frontoclypeal sulcus adjacent 
to the condyles of the anterior mandibular articulation (Aam). The dorsal limit 
of the frons is not generally marked by a suture but in some insects a trans- 
frontal sulcus (7Trfs), extending between the antennal sockets, cuts it off from 
the median region of the vertex. This median region, which bears the antennae, 
may be called the epifrons (Epf) for descriptive purposes. 

The anterior tentorial pits (Atp) lie in the ventral ends of the frontogenal 
sulci at their junction with the frontoclypeal sulcus. They therefore lie at the 
level of the morphological mouth and it has been shown that they tend, in 
many insects at least, to retain this position regardless of changes in the head 
structure (1, 7, 9). If the frontoclypeal sulcus is absent a line drawn through 
the ventral ends of the pits will mark the approximate dorsal limit of the 
clypeus. 

The proximal region of the clypeus extends laterally to form two small 
rounded lobes (Aam) which function as condyles for the anterior articulation 
of the mandibles. 

The Occipital Region (Fig. 2) 

The occipital suture (Ocs), which extends around the cranium and termin- 
ates on each side just anterior to the posterior articulation of the mandible 
(Pam), separates the anterior, facial region from the posterior, occipital 
region. Another suture, the postoccipital sulcus (Pocs), divides the latter 
into the occipital arch and the postocciput. The postocciput (Poc) is the 
narrow sclerite to which the neck membrane is attached. The occipital arch 
is a more extensive sclerite in which three regions, the occiput (Occ) and two 
postgenae (Pgen), can be distinguished though not separated by sutures and 
therefore indefinite in their limits. 

The postoccipital suture marks the position of an internal, often quite 
deep, inflection or ridge. The posterior tentorial arms, which unite to form 
the tentorial bridge, are attached to the postoccipital ridge near its ends; 
therefore the posterior tentorial pits (Ptp) are in the ventral ends of the suture. 
The proximal border of the submentum (Sm) lies between the ends of the 
postocciput adjacent to the pits. 
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The hypostomal suture (Hs) extends from the posterior articulation of the 
mandible to the ventral end of the postoccipital suture with which it is con- 
tinuous. It cuts off a narrow marginal hypostoma (Hs#) from the edge of the 
postgena. The socket of the posterior mandibular articulation (Pam) is in the 
ventral end of the hypostoma, and the maxillary articulation (Mx) is near 
its dorsal end. The hypostoma may be continuous with the pleurostoma 
(Fig. 1, P/st), when this is present, and the combined sclerites may be called 
the parastoma. 

Orientation of the Head in Coleoptera 


A diagram of a typical hypognathous head is shown in Fig. 3. The oc- 
cipital foramen retains its vertical orientation but the head rotates upwards 
through 90° causing the mouthparts to be directed anteriorly and the face to 
assume a dorsal instead of an anterior aspect. This is accompanied by the 
elongation of the postgenae which now form the lateral regions of a ventral 
wall to the cranium. The median region of the ventral wall is formed by the 
gulamentum, which is united with the postgenae. The gulamentum is composed 
of the submentum (Sm) and the gula, the latter being a new sclerite interposed 
between the submentum and the occipital foramen. 

The head of Coleoptera is typically prognathous but, if we define prog- 
nathism strictly in terms of the orientation of the mouth parts, it shows all 
conditions from virtual opisthognathism, through hypognathism and various 
degrees of obliquity to literal prognathism. 

The head of Meloe (Fig. 8) is definitely hypognathous in orientation. It 
will be seen from the figure that the mouth parts are directed ventrally and the 
facial aspect is anterior. 

The occiput of the Cassidinae or tortoise beetles is greatly elongated in the 
dorsal region (Fig. 12, Occ) while the postgenae in the ventral region are much 
shorter. As a consequence the face is bent at an acute angle to the occiput, 
and the labrum is directed posteriorly. This brings the pleurostoma (Fig. 10, 
Pist) and hypostoma (Fig. 10, Hst) into the same plane, the two forming a 
continuous ventral sclerite, the parastoma (Fig. 12, Pst). The boundary 
between the parietal and occipital regions in Chelymorpha is shown by the 
dotted line (Figs. 10 and 12, Ocs). There is no actual suture here but there is a 
sharp division between the light-colored face and the darker occipital arch. 

Apart from the actual orientation the cranium in Coleoptera always con- 
forms in structure to that of the prognathous head, therefore terms denoting 
direction or position will be used uniformly throughout as if the heads were all 
prognathous. Thus the gular region will be described as ventral regardless of 
its actual aspect. 

Facial Sutures 


Reinforcing ridges, marked externally by sulci, are relatively unimportant 
in the usually heavily sclerotized and rigid cranium of the Coleoptera, 
therefore the facial sutures tend to be reduced or lost. They are best repre- 
sented in Chelymorpha (Fig. 9) and other tortoise beetles in which the fronto- 
genal (Fgs) and transfrontal (Trfs) sulci as well as a midcranial sulcus (Mes) 
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are present. The frontoclypeal sulcus is lost except for the extreme lateral 
ends which cut off the mandibular condyles (Aam). In one specimen, however, 
I found a faint groove, indicated by the dotted line (Fels), in the position 
normally occupied by the sulcus. 

The frontoclypeal sulcus is the one most frequently present in the facial 
region, but it is sometimes incomplete (Figs. 22 and 25, Fels) and very fre- 
quently completely lacking (Figs. 32, 35, 47, 53). A complete or partial 
midcranial sulcus (Figs. 4, 6, 9, 17, 29, 50, Mcs) is frequently present. The 
genae in Podabrus have grown anteriorly, embracing the clypeus, and a pair 
of clypeogenal sulci (Fig. 47, Clgs), not observed in any other beetle examined, 
marks the lines of union between the clypeus and genae. In Necrophorus also 
there is a pair of sulci which are lacking in other heads examined. These extend 
from the frontoclypeal sulcus to the points of attachment of the dorsal tentorial 
arms to the cranium (Fig. 43, S). 

There has been much confusion over the so-called ‘“‘epicranial suture’. 
Comstock and Kochi (2) defined it as “‘the inverted Y-shaped suture on the 
dorsal part of the head in the more generalized insects’. It is obvious from this 
definition and from their figures that the term was used for the ecdysial line, 
which is not found in the head of adult Coleoptera, nor in the heads of most 
adult insects. Nevertheless several sulci in the cranium of adult Coleoptera 
have been interpreted as the ‘“‘epicranial suture’. When the midcranial 
sulcus is present, it is often interpreted as the ‘“‘epicranial stem’’, and various 
other sulci as the ‘“‘epicranial arms’’. Stickney (14), for example, thus inter- 
prets in different species the frontoclypeal sulcus, the clypeogenal sulci, the 
frontogenal and transfrontal sulci. Pecause of this confusion in the inter- 
pretation of the ‘‘epicranial suture’’ DuPorte (6) and Snodgrass (13) have 
suggested that the use of this term be discontinued since the sutures that 
have been included in it have other and more appropriate names. 

The difference between these sulci and the ecdysial line is clearly shown in 
the adult and larval heads of Leptinotarsa. The ecdysial line (Fig. 5, Cs and 
Fs) is clearly defined in the larva and in addition there is a midcranial sulcus 
(Mcs) which extends anteriorly to meet the frontoclypeal sulcus (Fc/s). The 
ecdysial sulcus is not present in the head of the adult (Fig. 4) but the mid- 
cranial sulcus persists, though it is much more weakly developed than in the 
head of the larva. This combination of midcranial and frontoclypeal sulci, 
which is found in the head of many species, has frequently been referred to as 
the ‘‘epicranial suture’ in the literature. 


The Frontoparietal Region 


The typical relation between the frons and the parietals is retained in 
Chelymorpha (Fig. 9) and other tortoise beetles. These are the only heads 
examined which retain distinct frontogenal and transfrontal sutures but, if the 
distance between the antennal sockets and the anterior tentorial pits is used 
as a criterion, it will be seen that some other species such as Monochamus 
(Fig. 17), for example, also retain more or less the primitive relations. Most 
species, however, do not. 
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One of the commonest modifications in the frontoparietal region is a pro- 
gressive reduction in the distance between the antennae and the clypeus, 
until the antennal sockets in most species lie very close to or actually against 
the frontoclypeal sulcus. It might be thought that the antennae have migrated 
independently to the new position but a more likely explanation is that the 
epifrons has expanded anteriorly at the expense of the frons until the latter is 
almost or completely suppressed. Apparently the antennae do migrate in- 
dependently in some insects. This seems to have happened in the dermapteron 
Anisolabis as is indicated by the position of the frontogenal sulci (Fig. 13, 
Fgs) which extend posteriorly far beyond the antennal sockets. The fronto- 
genal sulci are almost always lacking in Coleoptera but the relation between 
the antennal sockets and the tentorial pits seems to be similar to that in the 
heads of Hymenoptera. In ichneumonids, for example, the antennae are high 
on the face, a considerable distance from the pits. In some sawflies, short- 
tongued bees, and many others the antennae are relatively much nearer the 
pits, while in the honeybee and vespids the antennal sockets almost touch the 
pits (1, 8, 9). In all of these, however, the frontogenal ridge terminates dorsally 
in the antennal ridge, regardless of the position of the latter. This suggests a 
progressive reduction in the height of the frons accompanied by the ventral 
expansion of the epifrons. 

Examination of Figs. 1 and 9 will show clearly that if the epifrons, carrying 
the antennae, grows anteriorly until the frons is forced out, the antennae will 
come to lie adjacent to the frontoclypeal sulcus and the tentorial pit will be 
between the socket and the mandibular condyle (Aam). This is exactly the 
relation between these three structures when the socket is close to the suture. 
I have found exceptions to this only in the heads of Harpalus (Fig. 26) and 
Staphylinus (Fig. 39). The face in both of these insects is very broad, both the 
parietals and clypeus being expanded laterally. In Harpalus the antennae 
and mandibular condyles have been carried to the lateral borders of the face, 
leaving the tentorial pits in their primitive position. In Staphylinus, only the 
mandibular condyles are in the lateral border; the antennae and pits retain 
their primitive positions. 

With the elimination of the frons the region proximal to the clypeus is the 
parietal region in which the distinction between the vertex and genae is lost. 
The parietal region tends to expand laterally and to grow around to the ventral 
side until, in most species, the ventral portion lies in the same plane as the 
postgenae and may form a very considerable part of the ventral wall of the 
cranium. As the occipital suture is usually lacking, the parietals and postgenae 
form a continuous sclerite, but the approximate position of the boundary 
between them may be ascertained by reference to the position of the socket 
of the posterior mandibular articulation (cf. Figs. 2 and 3, Pam, Ocs, with 
Fig. 23, Pam). 

The extent to which the parietals encroach on the ventral wall varies widely. 
There is obviously no such encroachment in Meloe (Fig. 7). In Staphylinus, 
which retains the occipital suture (Fig. 42, Ocs), there is a slight encroachment, 
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whereas in Podabrus, which also retains the suture (Fig. 48, Ocs), the parietals 
form a considerable portion of the ventral wall. In Dendroctonus (Fig. 52) 
the parietals appear to have met in the mid-ventral line forcing out both the 
postgenae and the gula. 

Another criterion which is sometimes useful in establishing the extent to 
which the parietals have spread to the ventral wall is the size of the ventral 
portion of the eye. The eyes are borne on the acronal or prostomial region of 
the head and it is unlikely that they would extend on to the postgena, which is 
almost certainly derived from the mandibular and maxillary segments. It is 
unthinkable, for example, that the ventral eyes of gyrinids are borne on the 
mandibular segment. In insects like Phyllophaga (Fig. 23) and Derobrachus 
(Fig. 31) therefore it is evident from the area occupied by the eyes that much 
of the ventral wall is formed by the parietals. 

In the circulionid Cleonus (Fig. 53) the anterior region of the parietals 
beyond the eyes, and the corresponding region of the postgenae, are greatly 
elongated and attenuated. This is responsible for the beak-like elongation of 
the head. There are no facial sutures but the position of the antennae and the 
tentorial pits shows that remnants of the frons and clypeus persist. 


The Occiput 


Since the occipital suture is rarely present the occipital region is not clearly 
defined. The proximal region of the cranium is frequently narrowed (Figs. 39, 
43) and an open groove separates it from the larger distal region. It is doubtful 
if the narrow region ever consists of the occiput only. Examination of the 
cranium of Necrophorus in ventral view (Fig. 46) shows that if this region 
is the occiput nothing remains of the postgenae but the hypostomae. This 
is extremely unlikely. It is obvious also that the transverse groove on the 
ventral side of the cranium of Staphylinus (Fig. 42), which retains the occipital 
suture, does not mark the limit of the occiput and it is doubtful whether the 
groove on the dorsal side is a continuation of the occipital suture. 


The Clypeus 


The clypeus sometimes resembles that of the generalized cranium in that 
it projects beyond the anterior edge of the parietals and its lateral edges are 
free (Figs. 6, 26, 43), but in many species there is little or no such projection 
and it is reduced in size, being often little more than a narrow transverse band 
(Figs. 9, 39, 50). The clypeus is greatly enlarged in some species, notably in the 
scaraboeids, that of Osmoderma (Fig. 22), including its inflected border, 
being considerably longer than the remainder of the cranium. In these scara- 
boeids the entire border of the clypeus is inflected, carrying the mandibular 
condyles to the ventral side, but the adjoining regions of the parietals are also 
inflected and the antennae are carried to the ventral side. Therefore the 
antennae, tentorial pits, and mandibular condyles retain their normal relations 
to each other (Figs. 23, 25). 
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The labium is usually joined to the clypeus by a membranous strip which 
varies in width in different species. In some (Fig. 17) it appears to be a 
desclerotized region of the clypeus and in the literature it is known as the 
anteclypeus. 

The basal region of the clypeus of the generalized orthopteroid insect 
extends laterally as two small rounded lobes which form the condyles for the 
anterior articulation of the mandibles (Fig. 1, Aam). Internally the thick 
ridges of the lobes form part of the junction between the anterior tentorial 
arms and the frontogenal, frontoclypeal, and subgenal ridges (Fig. 2, At, Fgi, 
Fcli, Sgi). | have interpreted the articulatory ridges as the ventral ends of the 
frontogenal inflections because in Lepisma the secondary articulation of the 
mandible is made at the ventral edge of the laterofacial inflection which, in 
Pterygota, becomes the frontogenal inflection (6). The anterior tentorial pits 
lie in the frontogenal sulci immediately above the condyles. 

A similar lateral lobe of the clypeus forms the mandibular condyle in 
Coleoptera. It is heavily sclerotized even if, as in Staphylinus (Fig. 39), the 
body of the clypeus is membranous. The condyle in some species (Figs. 17 
and 35, Aam) is continuous with the body of the clypeus, but in most species 
it is separated by a suture. In all of the heads examined, except those of 
Harpalus and Staphylinus, the tentorial pits are immediately posterior to 
the condyles. In the cranium of Podabrus or any other in which the genae 
have grown anteriorly and united with the clypeus the mandibles are of 
necessity articulated in another position. 

There has been considerable confusion in the interpretation of these articu- 
latory lobes. The frontal suture in the larva of Corydalis and some related 
neuropteroids cuts through the clypeus and divides it into a median and two 
lateral sclerites. Comstock and Kochi (2), believing that the lateral sclerites 
are the equivalent of the articulatory lobes in the cricket and that they are 
both detached fragments of the mandibular segment, called them the ante- 
coxal pieces of the mandibles. Crampton (4) recognized that the lateral sclerites 
of Corydalis are parts of the clypeus and called them the lateroclypeal or 
paraclypeal lobes. MacGillivray (11) believed that the clypeus is formed by the 
fusion of four primary sclerites, two of which are represented by the paraclypeal 
lobes of Corydalis. He called these lobes the clypealia and the condyles, 
which of course are borne on them, the clypanguli. Stickney (14), accepting 
MacGillivray’s interpretation, interpreted the condyles in the Coleoptera as 
clypealia, presumably because they are usually separated from the body of 
the clypeus by sutures. Ferris (10), confusing the frontal suture with the 
frontoclypeal, claimed that the paraclypeal lobes are not parts of the clypeus, 
but belong to the “antennal segment”’. He believed them to be basic com- 
ponents of the head with which the anterior articulation of the mandible is 
made. Cook (3) accepted Ferris’s interpretation and identified the condyles 
in Coleoptera with the paraclypeal lobes of Corydalis and tried to show how 
they become reduced in these insects and, in some species, secondarily united 
with the clypeus. 





662 CANADIAN JOURNAL OF ZOOLOGY. VOL. 38, 1960 


The condyles cannot possibly be the same as the paraclypeal lobes. These 
are formed as the result of the extension of the frontal sutures through the 
clypeus of the larva and are not present in the adult Corydalis. There is no 
frontal suture in adult Coleoptera and the suture which cuts off the condyles 
from the clypeus is a sulcus and not a line suture. The frontal sutures in the 
larva of Leptinotarsa (Fig. 5, Fs) terminate far distant from the condyles 
(Aam), which are nevertheless cut off from the clypeus. 


The Gula and Submentum 


MacGillivray (11) believed that the gula is formed as a result of the mesal 
growth and union of the two postgenae. Stickney (14), who held the same 
view, claimed further that the gular sutures mark the path of migration of the 
posterior tentorial arms. If the gula originated in this way we should expect 
to find some evidence of its origin in the occasional presence of a median 
suture marking the line of union of the postgenae. Such evidence is found in 
some Lepidoptera and Hymenoptera in which the subforaminal bridge is 
formed by the mesal growth of the hypostomae. When there is a mid-ventral 
suture in the Coleoptera its presence is susceptible of another and more 
plausible explanation. 

Crampton (5) adopted Holmgren’s interpretation of the origin of the 
submentum as a sclerite in the membrane between the labial and prothoracic 
segments. He regards it as part of the sternum of the labial segment and 
claims that in some insects, including the Coleoptera, the plate, which 
Holmgren calls the submentum in the embryonic termite, gives rise to the 
gula, the submentum, and the mentum. He believes therefore that the gula- 
mentum is primary and the separation into gula and submentum secondary. 
In other words the gula in Coleoptera is a proximal region of the submentum 
as the latter exists in the generalized cranium. Ferris (10) takes essentially 
the same view. The sclerite which in some species (Fig. 14, Sm) is often called 
the gula is the submentum or gulamentum, but there is no evidence that the 
sclerite here interpreted as the gula is a subdivision of the submentum and 
much against it. 

Other workers have given a more acceptable interpretation of the gula. 
Snodgrass (12) states, in effect, that with the rotation of the head and the 
elongation of the ventral region the posterior tentorial pits are carried 
anteriorly and that the submentum, retaining its relation to the pits, is also 
carried forward. Thus a space is formed between the submentum and the 
occipital foramen and this space is filled with an extension of the neck mem- 
brane which becomes sclerotized to form the gula. Thus the position of the 
pits defines the boundary between the gula and the submentum. 

It is preferable, however, to relate the gula to the postoccipital sulcus and 
ridge rather than the tentorial pits. It can then be defined as the sclerite 
lying between the anterior extensions of the postoccipital ridge. If the figures 
which show the tentorium are examined and compared with the ventral view 
of the corresponding heads, this relation between the postoccipital ridge, 
the gula, and the submentum should be clear. 
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The head of the dermapteron Anisolabis (Fig. 13) provides a clue to the 
probable origin of the gula. Except for the elongation of the postgenae the 
ventral aspect of the cranium resembles the posterior aspect of the generalized 
hypognathous head (Fig. 2) very closely, but the head of Anisolabis is tilted 
upwards into the prognathous position. As a result the occipital foramen, as 
indicated by the postoccipital sulcus (Pocs), is oblique and the submentum 
(Sm) is carried forward but retains its basal connections with the ends of the 
postocciput adjacent to the tentorial pits. The obliquity of the foramen is 
compensated for by the development of two sclerites in what would otherwise 
have been a ventral extension of the neck membrane. The posterior sclerite 
(Cvs) is free in the neck membrane but the anterior one, the gula, is united 
with the submentum. Neither the gula nor the submentum is united with the 
cranial wall but if they were, the ventral wall of the head would be essentially 
like that of Criocephalus (Fig. 16). 

The ventral region of the head of the embiid Enveja is almost exactly like 
that of Anisolabis except that the gula (but not the submentum) is united 
with the cranium. The cranium of Chelymorpha (Fig. 10) is, in this respect, 
quite similar to that of Enveja. 

Further evidence of the origin of the gula from the cervical membrane is 
given by Snodgrass (12) in his figure of the larval head of Melanodrya in which 
the region which in other species is occupied by the gula is simply an extension 
of the cervical membrane. 

It is obvious that the gular sutures and gular ridges are ventral extensions 
of the postoccipital suture and postoccipital ridge and can legitimately be 
referred to as such. This is clearly shown in Monochamus (Figs. 18 and 19) 
and in most of the internal views of the cranium. 

The gula and submentum, having united with the cranium, may now increase 
or diminish in either dimension as do the other cranial sclerites. 

It might be asserted that if the gula is a sclerotization between the two 
anterior extensions of the postocciput it is tripartite in origin and that some 
evidence of this might be expected to persist in the form of sutures between 
the three components. That such evidence is not found, except in some 
doubtful cases (Fig. 25), is not really surprising because in most species there 
is no external postoccipital sclerite, the postocciput being represented only by 
the posterior lamina of the postoccipital ridge. If this ridge is carried forward 
by the tilting of the head or the elongation of the postgenae the gula when 
formed will extend between the posterior lips of the ridge and will not include 
any external portion of the postocciput. These relations are shown in the 
cranium of Monochamus (Fig. 18) in which the line Cm represents the posterior 
lip of the ridge to which both the cervical membrane and the gula are attached. 

The variation in the length of the gula and the position of the tentorial 
bridge suggests that when the head rotated, the region of the postgenae 
which increased in length was not the same in all species. In Chalcophora 
(Figs. 14 and 15) there is no elongation of the postoccipital ridge, and the 
tentorial pits remain in their original position. Elongation took place therefore 








664 CANADIAN JOURNAL OF ZOOLOGY. VOL. 38, 1960 


in the region distal to the postoccipital ridge. The postocciput was not involved 
and no gula was formed except, possibly, for a very narrow band between the 
pits. In other species (Figs. 16, 18, 31) the elongation involves both the region 
of the pits and that distal to them. The ventral ends of the ridge are pro- 
duced anteriorly for only a short distance. The gulamentum then consists of a 
short gular region and a relatively long submental region. 

The elongation in many species apparently took place chiefly in the region 
proximal to the pits. The postoccipital ridge therefore extends far forward 
(Figs. 27, 38, 41, 45) and the tentorial bridge (Tb) is also carried forward, 
retaining its relation to the ends of the ridge. In these all or most of the mid- 
ventral wall is formed by the gula. 

In still other species the elongation seems to have taken place chiefly in the 
region of the pits. The tentorial bridge remains in or near its original position 
but the ridge extends anteriorly beyond the bridge (Figs. 21, 23). Here again 
all or most of the mid-ventral sclerite is formed by the gula. Those parts of the 
postoccipital ridge extending beyond the bridge, i.e., the gular ridges, may be 
interpreted as the expanded bases of the posterior tentorial arms. The entire 
gular suture would then constitute the posterior tentorial pit. 

This is the picture that the definitive ventral wall of the cranium presents 
and it suggests different lines of evolution from the hypognathous condition. 
It is at least as probable, however, that the ancestral head had a ventral 
wall resembling that of Meloe (Fig. 7) or Criocephalus (Fig. 16) and that the 
variations described were due to the contraction of the gula as in Chalcophora 
(Fig. 15) or by its anterior expansion in most other species. 

It will be seen, if the drawings of the tentorium are consulted, that the 
base of the submentum is adjacent to the ends of the postoccipital ridge 
regardless of the position of the pits as indicated by the tentorial bridge. 
Figures 10, 11, 21, and 24 show this clearly. 


Modification of the Ventral Wall 


The ventral wall in the primitive prognathous head consists of the postgenae 
and the gulamentum (Figs. 3, 7, 18) but, as shown earlier, the parietals 
usually grow around the sides and invade the ventral region. The occipital 
suture is usually lacking, therefore the extent of the contribution of the 
parietals to the ventral wall can seldom be determined precisely. In insects 
like Phyllophaga (Fig. 23), however, the area occupied by the ventral portion 
of the eye, the size of the hypostoma, and the position of the socket of the 
mandibular articulation show quite clearly that most of the lateral sclerites 
of the ventral wall are formed by the parietals and that this has happened 
at the expense of the postgenae which are greatly reduced while the width 
of the gula is not affected. In Podabrus (Fig. 48) on the other hand it is evident 
that the encroachment of the parietals occurs at the expense of both the post- 
genae and the gula. 

In extreme cases the encroachment of the parietals may continue until 
both the gula and the postgenae are completely obliterated throughout most 
of their length. This seems to have happened in the cranium of Dendroctonus 
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(Fig. 52) in which the gula is lost except for a minute anterior fragment (Guz), 
and the postgenae (Pgen) are reduced to narrow transverse sclerites at the 
anterior edge of the ventral wall. If we assume that the dotted lines Osf and 
Gsf represent positions occupied by the occipital and gular sutures at some 
early stage in the evolution of the cranium, it is evident that, if the regions 
of the parietals proximal to the eyes were to grow mesally until their edges 
meet, the greatly reduced postgenae would be forced into the position they 
now occupy. 

The postgenae may grow mesally along with or independently of the 
parietals. This has the effect of reducing the width of the gula until in many 
species it is almost or completely suppressed as an external sclerite. A series 
which shows progressive stages in the suppression of the gula may be seen in 
Silpha (Fig. 36), Harpalus (Fig. 28), Staphylinus (Fig. 42), Necrophorus 
(Fig. 46), Dendroctonus (Fig. 52), and Cleonus (Fig. 54). The middle region of 
the gula is progressively narrowed in the first three. In Necrophorus this 
region is completely suppressed leaving only anterior and posterior remnants 
of the gula. In Dendroctonus, only a very small anterior portion persists, 
while in Cleonus the gula is completely suppressed. 

When the postgenae or parietals meet in the middle line the two gular 
sulci come together and coalesce to form a single mid-ventral gular suture. 
(The term “‘midgular suture’ sometimes used for it has misleading connota- 
tions.) The two gular ridges also unite and when these ridges are high, as they 
are in most of the species examined, they form a flattened median plate 
(Figs. 45, 51, 55, Gr). Steps leading to the formation of such a plate may be 
envisaged by comparing the diagrams shown in Figs. 37, 40, and 44. It will be 
seen that the ridges form a pair of lateral wings to the united structure. If, 
however, the gular sulci are shallow grooves, when they coalesce an ordinary 
low ridge is formed. Such a ridge is found in Podabrus (Fig. 49, Gr) and some 
other cantharids. The sulci in some cantharids with a normally developed 
gula are shallow, and if they were to coalesce, the resulting median ridge 
would be similar to that of Podabrus. 

The short gular ridges in Tenebroides (Fig. 33, Gr) meet in the middle 
line and enclose a small triangular gula (Fig. 34, Gu). A faint median suture 
(Fig. 34, Mvs) extends from the apex of the gula to the submentum, which 
is borne far forward on the head. It might be thought that here also the gula 
has been suppressed except for its proximal region, but the median suture is 
very faint and is not associated with extensions of the postoccipital ridge as 
in the heads just discussed. Apparently therefore it is the proximal region of 
the submentum, and not the gula, that has been suppressed by the mesal 
growth of the postgenae. If this head is compared with that of Criocephalus 
(Fig. 16) it will be seen that the gular sutures of the two are very similar but 
their anterior ends are separated in Criocephalus; therefore there is a wide 
submentum (Sm). There can be no reason why the postgenae may not 
extend mesally in a head of this structure as they do in other heads. If this 
happened and the two sclerites meet in the middle line most of the sub- 
mentum would disappear and the resulting structure would resemble that of 
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Tenebroides. Actually the beginning of the mesal growth of the postgenae 
at the expense of the submentum may be seen in Chalcophora (Fig. 14) and 
Monochamus (Fig. 18). The cranium of Tenebroides is the only one of those 
examined in which the base of the submentum has been separated from the 
postoccipital ridge and the gula by a postgenal bridge. 

The hypostoma is invariably present extending along the free edge of the 
postgena from the posterior articulation of the mandible to the point at which 
the postgena joins the median sclerite whether this is the gula or the sub- 
mentum. The hypostomal ‘‘suture’’ is usually a ridge rather than a sulcus 
because in most species the hypostoma is bent inwards at an angle to the 
postgena. Because of this it is not always as completely visible from the ventral 
view as the figures suggest. 

The gular sutures also, whether separate or coalesced, are always present 
as well-defined sulci, but the portion of the hypostomal suture between the 
submentum and the postgena, when these are united, may be lost. It is very 
faint in Criocephalus (Fig. 16) and completely lost in Derobrachus (Fig. 31). 


Conclusions and Summary 


This paper probably includes most of the significant changes that have 
taken place in the cranium of adult Coleoptera but makes no pretense at 
exhaustive treatment. It should, however, serve as a guide in interpreting the 
morphology of the head in other species. It is not possible to draw firm phylo- 
genetic conclusions from such a limited survey but it does seem rather sur- 
prising to find insects with such differing head structures as found in Chely- 
morpha and Leptinotarsa placed in the same family. 

It is not certain whether the cranium in all species evolved from a common 
prognathous type or whether there were several lines of descent from the 
hypognathous type, but the fact that the ventral wall has essentially the 
same structure, regardless of the orientation of the head, seems to be strong 
evidence in favor of the first alternative. Possibly the ancestral head resembled 
that of Anisolabis. The fusion of the gula with the cranium would produce a 
short ventral wall resembling that of Chelymorpha and when the submentum 
also fused with the cranium the ventral wall would resemble that of Crioce- 
phalus. Differential growth, resulting in unequal expansion or contraction of 
the various cranial sclerites, would then be responsible for the variety in the 
definitive structure of the cranium in the different species. 

The text deals largely with the disproportion in the various sclerites as 
compared with the generalized hypognathous cranium. 

The facial sutures which define the sclerites are never complete and fre- 
quently are entirely lost. They are best represented in the Cassidinae. The 
so-called “‘epicranial suture’ of authors consists actually of the midcranial 
sulcus and other sulci which may differ in different species. 

The parietal region is greatly expanded in most species. The epifrons, or 
median region of the parietals, may grow anteriorly at the expense of the frons 
until the latter is completely suppressed and the antennae come to lie against 
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the clypeus. The parietals may also expand laterally, growing around to the 
ventral side where they may continue to grow mesally at the expense of the 
postgenae and often of the gula also. In an extreme case their edges meet 
in the mid-ventral line and both the gula and the postgenae are suppressed as 
external sclerites. 

The clypeus may be greatly enlarged or it may be reduced to a narrow 
transverse band. The anterior mandibular condyles are formed from lateral 
lobes of the clypeus and are usually separated from the body of the clypeus 
by a sulcus. They are not to be equated with the paraclypeal lobes of Corydalis. 

The anterior tentorial pits retain their primitive position at the level of the 
mouth and always lie against or in the frontoclypeal suture when this is 


present. 
The gula originated as a sclerotization in the neck membrane between 


ventral extensions of the postoccipital ridge. Thus the gular sutures and 
ridges are parts of the postoccipital suture and ridge. The gula may be sup- 
pressed by the mesal growth of the postgenae. When this happens the two 
gular sutures and ridges coalesce to form a median suture and ridge. 

The proximal margin of the submentum retains its position adjacent 
to the ends of the postoccipital ridge regardless of the extent of the ridge. 
An apparently rare exception occurs when the mesal growth of the postgenae 
crowds out the proximal region of the submentum and interposes a postgenal 
bridge between the gula and the definitive submentum. 
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1, 
2. The generalized hypognathous head, posterior view. 
3. The generalized prognathous head, ventral view. 

4. Leptinotarsa decemlineata (Chrysomelidae), larva. 
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EXPLANATION OF FIGURES 


The generalized hypognathous head, anterior view. 


Leptinotarsa decemlineata, adult. 


. Meloe angusticollis (Meloidae), dorsal view. 
. Meloe angusticollis, ventral view. 
. Meloe angusticollis, lateral view. 
9. 


Chelymorpha cassidea (Chrysomelidae), dorsal view. 


10. Chelymorpha cassidea, ventral view. 

11. Chelymorpha cassidea, postoccipital or gular ridges and tentorium. 
12. Chelymorpha cassidea, lateral view. 

13. Anisolabis maritima (Dermaptera), lateral view. 

14. Chalcophora (Buprestidae), ventral view. 

15. Chalcophora, internal view of ventral wall and tentorium. 
16. Criocephalus (Cerambycidae), ventral view. 

17. Monochamus (Cerambycidae), dorsal view. 

18. Monochamus, ventral view. 

19. Monochamus, tentorium and postoccipital ridge. 

20. Phyllophaga (Scaraboeidae), dorsal view. 

21. Phyllophaga, tentorium and gular ridges. 

22. Osmoderma (Scaraboeidae), dorsal view. 

23. Phyllophaga, ventral view. 

24. Osmoderma, tentorium and gular ridges. 

25. Osmoderma, ventral view. 

26. Harpalus (Carabidae), dorsal view. 

27. Harpalus, tentorium and gular ridges. 

28. Harpalus, ventral view. 

29. Derobrachus brunneus (Cerambycidae), dorsal view. 

30. Derobrachus brunneus, tentorium and postoccipital ridge. 
31. Derobrachus brunneus, ventral view. 

32. Tenebroides mauritanicus (Ostomidae), dorsal view. 

33. Tenebroides mauritanicus, tentorium and gular ridges. 
34. Tenebroides mauritanicus, ventral view. 

35. Silpha (Silphidae), dorsal view. 

36. Silpha, ventral view. 

37. Silpha, diagrammatic cross section of ventral wall. 

38. Silpha, tentorium and gular ridges. 

39. Staphylinus (Staphylinidae), dorsal view. 

40. Staphylinus, diagrammatic cross section of ventral walls. 
41. Staphylinus, gular ridges and tentorium. 

42. Staphylinus, ventral view. 

43. Necrophorus (Silphidae), dorsal view. 

44, Necrophorus, diagrammatic cross section of ventral wall. 
45. Necrophorus, gular ridge and tentorium. 

46. Necrophorus, ventral view. 

47. Podabrus (Cantharidae), dorsal view. 

48. Podabrus, ventral view. 

49, Podabrus, postoccipital or gular ridge and tentorium. 

50. Dendroctonus valens (Scolytidae), dorsal view. 

51. Dendroctonus valens, gular ridge and tentorium. 

52. Dendroctonus valens, ventral view. 

53. Cleonus piger (Curculionidae), dorsal view. 

54. Cleonus piger, ventral view. 

55. Cleonus piger, internal view of ventral wall showing gular ridge. 
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ABBREVIATIONS: 


Aam, condyle of the anterior articulation 
of the mandible 

As, antennal socket 

At, anterior tentorial arm 

Atp, anterior tentorial pit 

Cigs, clypeogenal suture 

Clp, clypeus 

Cm, posterior lip of the postoccipital 
ridge to which the neck membrane and 
the gula are attached 

Cs, coronal suture 

Cvs, cervical sclerite 

Dt, dorsal tentorial arm 

Epf, epifrons 

Fcli, frontoclypeal inflection or ridge 

Felp, frontoclypeus 

Fels, frontoclypeal suture 

Fgi, frontogenal inflection 

Fgs, frontogenal suture 

Fr, frons 

Fs, frontal suture 

Glm, gulamentum 

Gls, gular suture 

Gr, gular ridge 

Gu, gula 

Hs, hypostomal suture 

Hst, hypostoma 


Labr, labrum 

Mes, midcranial suture 

Md, mandible 

Mos, mid-ventral suture 

Mx, articulation of the maxilla 

Occ, occiput 

Ocs, occipital suture 

Pam, socket of the posterior mandibular 
articulation 

Par, parietal 

Pgen, postgena 

Plsi, pleurostoma 

Poc, postocciput 

Pocr, postoccipital ridge (sometimes 
same as gular ridge) 

Pocs, postoccipital suture 

Psl, postlabium 

Pst, parastoma 

Pt, posterior tentorial arm 

Ptp, posterior tentorial pit 

S, suture between dorsal tentorial arm 
and frontoclypeal sulcus 

Sgt, subgenal inflection 

Sm, submentum 

Tb, tentorial bridge 

Trfs, transfrontal suture 


Note: Figs. 1-55 follow. 
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NOTES 


CORRECTION TO A PREVIOUS PAPER 


Roy C. ANDERSON 


In describing Ornithofilaria fallisensis Anderson, 1954, the author (1) 
inadvertently gave the latin name of the white Pekin duck (Amas boschas 
domesticus) as Anser domesticus. Although this error was pointed out in a 
footnote in an article describing the life cycle of fallisensis (Can. J. Zool. 
34: 486, 1956) it has now been repeated by several foreign helminthologists 
who conclude that the type host is the domestic goose rather than the domestic 
duck. The type host of Ornithofilaria fallisensis is the white Pekin duck 
(Anas boschas domesticus) and this filarioid has not yet been shown to be a 
parasite of the domestic goose. 


1, ANDERSON, R. C. Ornithofilaria fallisensis n. sp. (Nematoda:Filarioidea) from the domestic 
duck with descriptions of microfilariae in waterfowl. Can. J. Zool. 32, 125-137 (1954). 
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